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FOREWORD 


Thi*  report  constitutes  the  second  of  three  volumes  sponsored  by 
the  Electronic  Components  Laboratory,  Directorate  of  Laboratories, 
Wrlfthl  Air  Development  Center,  W right -Patte rson  Air  Force  Base, 
Ohio,  under  Task  No.  41608  of  Project  No.  4155,  “  Imgrosed-Elsc-- 
trortic  Components."  Gathering  the  raw  material  and  reducing  it  to 
book  form  was  carried  out  under  Air  Force  Contract  No.  AF  35 
(618J-S8I5,  Volume  1  was  published  January  195t  as  WADC  Techni¬ 
cal  Jteport  57-1,  ASHA  Document  No.  AD110672. 

throughout  the  period  beginning  1  February  1958  and  ending  with 
tha  final  production  of  this  volume,  the  editors  had  the  active  and 
helpful  participation  of  the  Department  of  the  Army,  Signal  Corps 
*»••>,  -  iboratories,  and  Department  of  the  Navy,  Bureau  of 
Shipii,  as  wd .  ae  the  cooperation  and  advice  of  Lewie  M.  Clement,  - 
Oftif#  Of  the  i  jfietant  Secretary  of  Defense  (AE);  Floyd  Wenger,  Air 
Research  ano  Development  Command;  R.  A,  Mroz,  Bureau  of  Ships, 
Deparimen1  of  the  Navy;  and  A.  W.  Rogers  and  Thomas  M.  Child, 
U.K.  iruy  Signal  Engineering  Laboratories. 

i  •*>  th«  several  phases  of  the  project  John  Trader,  Lc.  Edward 
R,  §y 1 1  LL  L.  D.  Smith  and  Lt  X  XX  Wood  acted  as  Project  lingi- 

M4  ffi* 

jf/V  the  Technical  Writing  Service  of  the  McGraw-Hill  Booh  Com¬ 
paq  <■  dth  Benney,  Craig  Walsh,  Harrison  Eddina,  Ronalc  'ngleman, 
Jolt.*  i!  Uck,  Robert  Ruess  and  Fred  X  Schwarts  acted  an  editors. 
CrSiij  A^vlsh  was  Protect  Manager 

ttefi'  tee  of  space  limitations,  the  Editors  regret  that  it  is  impos¬ 
sible  ,  credit’  by  name  the  numerous  individuals  in  industry,  1* 
edtffl*iu,i*l  Institutions  and  in  government  position*  and  the  many 
firms  v  .o  supplied  background  and  specific  Information,  criticism 
itad  cotr;”*nta  and  illustrative  matoriaL  In  a  few  cases  where  the 
sitter*  drew  extensively  on  the  work  of  an  Individual  or  organlaa- 
!i<J6  credit  la  given. 

CM  particular  value  waa  the  advice  and  actual  material  furnished 
by  1  j’lowlng  expert  consultant*:  R.  P,  Lyon,  U.  K.  Bisson,  F.  E. 
iJcilirj',  F  W.  Gutswiller,  and  R.  EL  By  sell,  General  Electric  Co.; 

IV,  Si  nsha,  Automatic  Production  Research;  Richard  C.  Hlteh- 

ak,  'Jyod  '0  Company;  John  iL  Miller,  Weston  Electrical  Inatru- 
tmfd  Corpb,  tofcert  Miillron,  Wright  Air  Development  Center;  Rlch- 
gs-d  W.  Pur  In  too.  Consulting  Engineer;  Frank  Rockett,  Alrpax 
Sec.,  and  Mlltoa_  Tenner,  U.  0.  Army  Signal  Engineering 
LMs^fatcurk-a. 


ABSTRACT 


The  three  volumes  of  this  s<"  Hes,  of  which  this  la  Volume  2,  are  working  tamasSa 
for  the  designer  of  military  ele«.  onic  equipment  The  purpose  of  these  manucls  ta  to 
provide  the  engineer  with  essential  data  on  component  parts  so  that  he  may  select  and 
use  these  parts  in  end  equipment  with  the  greatest  degree  of  reliability. 

Volume  1  discusses  the  criteria  for  proper  selection  of  component  parts  generally, 
the  military  specification  system,  the  implications  of  the  use  of  nonstandard  parts 
and,  in  the  major  portion  of  the  book,  four  basic  component  parts-— resistors,  capaci¬ 
tors,  relays  and  switches.  Because  of  Bpace  and  time  limitations,  the  only  types  d 
these  basic  components  covered  are  those  for  which  a  coordinated  tri -service  military 
specification  exists. 

This  volume  covers  power  sources  and  converters  including  selenium,  germaatss^ 
and  silicon  rectifiers,  vibrators,  dynamciora,  transistorised  power  supplise  and 
batteries;  fuses  and  circuit  breakers;  electrical  indicating  instruments;  printed  wiring 
boards;  solder  and  fluxes;  choppers;  blowers;  and  transmission  lines  and  wa vigufcS**. 
Host  of  the  emphasis  in  on  component  types  for  which  military  specifications  ©slot, 
but  other  types  are  covered  as  welL 


PUBLICATION  REVIEW 

The  publication  of  this  report  does  not  constitute  approval  by  the  Air  Force  oS  the 
findings  or  conclusions  contained  herein.  It  is  published  only  for  the  exchange  r*zt 
stimulation  of  ideas. 
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George  F.  Watkins 
Lt  Colonel,  U8AF 
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TJis  overwhelming  oeed  for  improved  reliability  s2  rciliiafp  a3c$» 
irooie  aquipmtsst  brought  about  the  preparation  cd  fid*  teehzdc&l  re¬ 
port  Factual  isformation  is  presented  on  compoasot  parts  needsd 
by  the  equipmaet  designer  to  enable  him  to  select  the  proper  com¬ 
ponent  for  a  particular  application  and  then  to  usa  it  so  thsi  a  relia¬ 
ble  design  is  realised, 

Tbic  is  the  second  of  three  volumes  planned  for  this  report  Vc*- 
tsme  1  discussed  four  components — resistors,  esspacitore,  relays, 
and  switches.  This  volume  gives  application  inforxaattoa  on  tha  fol¬ 
lowing  compcaeats:  power  sources  and  converter*,  fc&m  aad  circuit 
breakers,  electrical  indicating  Inc  iruments,  printed  wiving  boards, 
colder  and  fluxes,  chokers,  blowers,  and  r-f  ixaa*iair*rfeon  linsa 
and  waveguides.  The  components  planned  for  coverage  to  Volume  3 
include  transfortaors  ard  inductors,  connectors,  wire  rnd  cable, 
terminals,  tube  shields,  vibration  isolators,  gaskets  sad  .coals,  and 
hardware. 

Military  electronic  equipment  must  perform  the  tesli  for  which  it 
13  designed,  at  ike  revived  instant  during  a  misatou,  find  rjsifor  tee 
environmental  esKdittons  encountered,  to  ether  word*,  tea  equip¬ 
ment  must  be  reliable.  2  must  operate  without  falters  for  a  given 
ported  oi  time. 

Military  cquigyaBant  has  become  complex  to  a  ttegreo  which  wec 
unbelievable  at  the  close  of  World  War  EL  'to  spite  c t  she  continual 
increase  in  oossspSaacity,  r  eliability  must  not  only  be  nsaJiitafcsd,  but 
it  must  to  Imprinted  so  that  now  weapona  will  have  the  required 
etfocUvencBa, 

Tli 3  unrclhabOiiy  cf  much  ol  the  present  equipment  la  &sa  cot  so 
much  to  unreliable  components  but,  in  many  cases,  to  their  improper 
uro  in  circuits  aad  to  impropar  mechanical  and  thermal  design* 

A  mature  cuKiaecring  design,  including  3ks  proper  cppUcatioa  of 
components,  mast  ba  combined  with  a  capable  manufacturing  or- 
gfintefttloii  equipp'd  to  control  the  quality  oi  materials,  procMsefl, 
and  manufacturing  operations  if  the  production  «f  reliable  military 
equipment  ie  to  be  accosnplUhed. 

The  o nginee r'rg-mimtfacturlng  team  must  produce  a  design  Gist 
can  be  rmnufsetared  using  syallablo  electronic  comporeni  parts  to 
perform  the  required  task  reliably  in  iha  hands  of  tea  customer — 
The  Military  Departments. 

To  accomplish  fide,  it  ia  necessary  to  prove  the  tteeiga  and  fhs 
manufacturing  operationo  by  laboratory  toata,  fie1-.!  test*,  and  evalu¬ 
ation  teats,  first,  of  tha  .■'ngiueerlng  model  aad  second,  ce?  tha  pro¬ 
duction  pilot  model*  Ttics-3  examinations  must  to  made  by  technical 
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and  cparayoBal  people  safer  esrsice  conditions,  and  tiio  necessary 
corrections  must  ba  jssafe  fesfore  &s  start  of  production  for  actual 
ffsid  asa, 

S  Is  be^tst?  f&sS  fiso  feSsrsratfga  StoesI  SuSsssa  yotemes  wtHnst- 
terially  aid  .tha  d-aaigser  e3  siiliiary  electronic  ermipmeni  Sa  fair? 
effort  to  design  and  build  wry  reMsbls  mpilpueent  and  systems  for 
ucs  by  our  Military  Departments, 
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All  electronic  equipment  requires  electri¬ 
cal  power,  and  over  the  years  every  practi¬ 
cal  moans  of  securing  this  power  has  twea 
utilised.  Including  hand -cranked  electric  gen¬ 
erators.  Today,  most  military  electronic 
equipment  Is  powered  from  conventional 
eom-CM  of  a-c  power  at  variola  voltagoe  and 
frequoncloet;  but  much  la  also  no  wared  frees 
batteries  either  directly,  as  lc  the  case  wills 
portable  equipment,  or  through  such  da  vices 
as  tho  dyrv&motor  or  vibrator.  These  several 
sources  of  power  are  treated  in  tide  chapter. 

8ECTlF?EffS— SELENIUM,  GERMAhJiUM, 

AND  SILICON 

SI  1*  a  rare  situation  when  a-c  power  ob¬ 
tainable  from  prime  movers  or  f ram  public 
istillUee  can  be  uee-d  without  alteration  in 
electronic  eQulprnooL  Usually  tbs  voltage 
must  be  lowered  or  rained,  and  In  virtually 
every  caca  considerable  d-c  power  le  also 
necessary. 

ttlost  electronic  equipment  goto  its  required 
direct  current  from  tube  rectifiers,  best  &b 
increasing  amount  of  equipment  util i-.es  semi¬ 
conductor  rectifiers.  The  fill  ft  from  tub* 
rectifiers  toward  semiconductor  typo*  1b  very 
evident.  Tubes  as  component  parts  cd  power 
supply  systems  and  the  system*  themselves 
arc  adequately  covered  in  existing  literature 
sod  are  not  considered  here.  Instead,  semi¬ 
conductor  rectifiers  are  treated  in  scum  detail 
to  aid  tbs  design  engineer  la  selecting  and 
using  them  to  attain  the  greatest  degree  of 
reUsbiiliy. 


Eomlcsoifcetor  Rectifiers 

At  the  prose:  time,  such  semiconductor 
materials  ar  selenium,  copper  oxide,  copper 
oulfi&s,  germanium,  and  silicon  are  wid-.y 
omployed  ns  rectifying  oloioeolfi,  Each  ti{ 
these  msisrislo  has  advantages  and  dieaci- 
vnntags*. 

Most  wtdoiy  employed  In  tulltisry  qquljHnetd 
are  rectlilore  using  selenium,  bud  corning 
in  much  wider  use  are  rectifiers  mads  from 
e!  11c on  REd  germanium.. 

Current  aad  Voltage  Range* 

Figure  1-1  oho  wo  the  wld®  rrsge  cs  voit- 
agas  and  current*  being  supplied  by  semi¬ 
conductor  rectifiers.  Tiros,  the  range  S*  from 
a  high-voltage  low-current  dost  precipitator 
(50,000  volts  at  0.15  amp)  to  a  low- voltage 
high -current  power  source  for  a  cynchro- 
eyclotron  requiring  20,000  smp  at  21  volts.  It 
Is  understood,  that  this  range  Is  tyjVcai  only 
and  not  limiting. 

L/\  finiiioos 

As  in  all  other  technical  matters,  ruiKB- 
i'setur cro  and  user*  of  somlcoodoctor  recti¬ 
fier*  hav®  created  their  own  terminology, 
often  using  words  which  have  different  m fac¬ 
ings  in  other  branches  of  technology.  A  few 
of  ti>e  gcmoruily  used  terms  are  defined  below. 

Forward  P) recti on.  The  direction  of  least 
reflstan.ee  to  current  flow  through  a  recti¬ 
fying  element  or  ccIL 
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Fig.  1-1.  Typical  applies! Iona  ol  d-c  power 
snrhlch  can  be  supplied  by  •'"’t'lcc-sAictof  recti¬ 
fier*.  (A!  lrsdailrlal  dua!  precipitator,  (B)  Eoraa- 
type  duii  precipitator,  (C)  Electronic,  tel*- 
ylaion,  radio,  audio  amplifiers,  «tc.,  (D)  Motor 
control,  variable  speed,  dynamic  ♦'raking,  etc.. 

(E)  Pov/sr  conversion,  (E)  Magmatic  nxspSlfiers. 

(G)  Automotive -battery  chargor*,  (B)  TricMs 
charters,  (I)  Arc  furnace,  (J)  Cycbtroa  mag- 
nri,  (K)  Telephones,  Industrial  tracks,  business 
machine*,  aircraft,  (U  Cathodic  pro  lectio*. 
(M)  Eiectroplatlag, 

Forward  Current  Forward  current  Is  lb* 
current  "Dow  in  thy  ior-arxrA  or  conduct!*^ 
direct  os. 

Forward  Voltage  Prog.  Tfw  votings  drop 
that  resulf^lrom  the  flow  of  current  tirrcw^Jj 
s  roctifior  in  the  forward  diroctioa. 

Applied  Voltage  Rating.  The  casrirnum  r«c- 
om  mended  a-c  voltage  that  may  be  \ppllsd 
to  a  rc-cttfior. 

Reverse  Direction.  Yti*  direction  erf 
greatest  resistance  to  currr  if  flow  through  £ 
rectifying  ceiL 

Back  or  Leakage  ^Current.  Curran?  that 
flows  in  the  rover sy  direction  when  the  appUoti 
voltage  Is  on  the  nonconducting  half  cycle. 

Bade  Voltage.  Voltage  drop  across  recti¬ 
fier  when  applied  voltage  is  In  the  nonconduci- 
ing  or  reve  :"*e  direction. 

Pc. '.  Inverse  Voltage  Rating.  The  raafimua 
potential  .that  may  be  Impress?**!  across  a 
rectifier  writer  specified  co.nditlma. 

Easy  Plate.  Metallic  plats  co  w;  Ich  recti¬ 
fying  material  Is  coated.  Usually  a.,  minus, 
nickel  plated,  for  selenium  cells. 


Blocking  Layer.  Very  thin  layer  between 
cslenium  and  count*  relectrods.  Also  called 
tte  “  junction  ”  or  barrier  layrr. 

Cell.  Basic  rectifier  conci  sting  oi  a powfiiv* 
electrode,  a  negative  electrode,  and  a  recti¬ 
fying  junction.  A  single  cell  is  a  rectifier; 
rectifier  etacij  are  sometimes  made  up  erf 
several  cells. 

Count  ercioctroda,  A  good  conductor  sep¬ 
arated  from  the  selenium  layer  by  the  barrier 
or  blocking  layer,  sometimes  called  the  alloy, 

&ack.  An  assembly  oi  celle  Into  a  completed 
practical  rectifier. 

Cartridge  Stack.  A  number  of  cells  ia 
©dries,  mc’mlod  In  a  unit  for  small-current,, 
high-voltage  applications. 

Power  Stack.  A  rectifier  Slaving  long  life  oa 
high-current,  rdium-voltags  heavy  duty.  For 
welding  and  general  shot?  u»o. 

Tuba  vg.  Bomic onductor  Rcctlf lore 

Both  types  d  rectifiers  have  sdv&sfogss 
and  disadvantages.  Gae-fiLled  hoi  catlsccte 
rectifier  tubes  may  be  about  as  efficient  a* 
semiconductor  rectifiers  except  at  low  volt¬ 
ages,  but  most  electronic  equipment  utilises 
high-vacuum  rectifiers,  which  are  not  so 
efficient. 

The  greater  efficiency  of  tic  silicon  ar 
germanium  power  rectifiers  compared  to 
vacuum  tufco  rectifiers  has  a  very  important 
bearing  in  military  equipment  wbars  redactlcsa 
ia  weight  la  alvra:''  we  Scorn*. 

A  useful  study  by  Perlman  of  Romo  Air 
Development  Center,  U.  3.  Air  Forc-a,  gives  a 
direct  comparison  of  two  rectifier  sysla-ms 
employing  tha  jam*  components  esrep t  that 
csj*  used  a  5U4G  tulj®  and  the  other  a  silicon 
power  rectifier.  Table  i-1  gives  the  cfetU.* 

Tfe"  lower  internal  resistance  drop  in  tbs 
silicon  rectifier  oKowb  tin  in  the  doc  re  mod 
Inpyt  voltage  required  to  dollvor  the  required 
cKstpul  voltage  (250)  and  current  (SIX)  hie.). 
Tins  mean®  that  14  percent  fewer  turns  would 
be  needed  on  the  secondary  of  the  input  power 
transform  ar.  Furthermore,  no  filament  wind¬ 
ing  would  be  needed,  Uy  redesigning  the  power 
trsns'  Truer  and  filter  chokes,  uti  11  slug  largo r 
wifi*  with  less  voltage  drop,  still  further 


’Perlman,  Sol,  1  Tii*  Fewer  EVppJy  ia  Military 
Bfdpiatst,"  IKE  ConrenJloa  Record.  Part  &,  1S5A 
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TTabla  M— •Beetlfioir  Ccsssjarisaa,,  TteSss  w  'Pltesa 


! 

VacKMaa  hste. 

______ — — — — - 

Silfct® 

'  EMieos 

|  Stcputj? 

With  srigfaaS  pswor 
teSasSasmos’  aed  ehehess  ■ 

_! 

With  redacigned 
transfob'jaer  ud 
rt'skas' 

pewsp,  waits 

S2S 

J«9 

141  " 

Asoto  vriteg®  t3 

SSI 

mi 

2S® 

rectifier,  wits  as 
SKfeteiey  o5 

8* 

WLd 

o«,s 

1  power  utitlssatloa,  *3 

|  ?<w«r  dissipated  to 

9® 

43 

S8 

f  •  power  sitppfy,  weffia 

L 

as®M®si®s  Sa  mste  Steal  could  be  eacwetL 
Because  the  transformer  and  chokes  would  bo 
sns  isrgc?  ton  those  of  the  tube  power  supply 
«f atssa  and  beesaea  the  silicon  unit  would  b® 
ssnaitov  toss  ihs  6U4G  tub®,  better  placement 
O?  these  components  within  tfc  equipment 
could  tm  sceui'ed.  Where  the  tube  rectifier 
might  have  a  bulb  tswpsrstee  rise  of  160  (3 
abtm  amMont,  a  properly  mounted  Jlico© 
tusfi*.  wrak?  probably  eaparieaco  a  beat  rise 
abo.76  amfcleat  of  csslj?  S  to  10  C. 

/fori®-  i  slso  points  ml  to  fact  that  a 
Magla  pore?  translator  •'"'can  affectively  par- 
lorra  as  wall  aa  tap  series  regulator  tubes 
(typs  60P<W)  vatSt  abani  oae-fiftsorih  of  the 
pmras-  Sot®,  1,5 

Thereteea,  Ifes  fatftstme  cf  new  equipment 
staid  enteriaia  seriously  to  postitelitieg  of 
using  silicas  or  gsmaniaaa  rectifloro  for  the 
P&oot  esjsply  ggstea  33d  Saa^r  diertefj 
power  traaeietors  as  regulator®  where  the 
s w  etagg&f  voltaic  must  be  regulated. 

li  is  worth  noting  that  a  typical  GCA 
mnl  monatod  is  a  trailer  employ*)  eight 
tube-regulated  power  eajjaUee,  that  «  7-1/2- 
toa  lc®-capacity  air  coeiUtionlng  unit  is  re¬ 
quired  for  equipment  ec-ec'ig,  and  that  to 
rsdetr  c^iipmant  and  air  coaditior  •  r  each 
require  a  gsijoli&s-essgto  driver,  generator 
lor  its  operation.  It  is  easy  to  v-  ualiso  tfta 
savings  5a  complexity,  fe  'sx  chselpaticss,  and 
weight  by  proper  wasps  of  s$  niconducior 
devices  instead  si  convent!  c»wi  tube  equip¬ 
ment  la  m eis  power  ouwriy  systems. 

nsmcAsoitM  and  piucgh  'merrmm 

?a  less  than  a  decade,  bow  semlcoreiuctor 
rscdftors  ms da  from  eiUccn  and  geruumiura 
havs?  bocosae  .major  competitors  of  the  olJar 
seSaaSuns,  copper  oxide,  anti  magnesium  cop- 
par  sutfkte  types.  Thee®  new  rectifiers  re¬ 


sulted  from  imrtlaja  work  on  crystal  diodes. 
Since  the  development  ol  the  large- area  ger¬ 
manium  rectifier  cello  ia  1951,  over  .20,00® 
kw  for  d-c  power  r»~a  havs  been  to  Jailed.* 

Well -designed  gersaanSwsn  nnd  silicon  reetl- 
fiers  tot  are  udl  sands  can  prpvie  to 
folioraicj  feate®® 

L  High  efficiency.  M  rated  currssd,  to 
forward  veliage  drop  of  g-rmapiarB  writs  saay 
m  less  than  0.7  volt  and  less  than  1  vo.lt  fs.v 
Killeen.  Tim b,  to  voting®  and  poi>»&'  los&.  t% 
the  rectifier  Itself  la  very  low.  (Sea  Fig.  1-S.J 

3.  2i3gi.  sweres  resiotance.  Over  the  ratoU 
temperature  rang®  for  each  type,  to  ro¬ 
ot  stance  to  ths  oosj&ocdiscting  dlrertloa  is  m 
high  tbat  to  Saaks®*  cuvrsusl  Is  negligible* 

S.  Stability.  7to  f&rmirfl  aod  roverae  char- 
seteiistieu  of  &  well-ra:Je  silicon  or  gor- 
tnaaluia  JsssstSoa  «So  not  ciiango  with  Urea 
Harmotic  eesllng  rsrochul-es  deterioration  r$ 
the  rorverise  cfearacterietica  dro  to  tokaga 
paths  arowsd  to  jtoction  cnuaod  by  mdsturo 
or  coast  ■niaatiOB.  Tise  junction  le  formed 
during  too  initial  fabrication  procesie.  Ko 
additional  |«3ciioa  Eormnilon  ie  required  wfeta 
the  rectiiior  i»  put  sato  tsorrico. 

4.  Ctsrrosloo  resSstonee.  With  the  Jimctl&a 
gvjJed  in  a  bos-ssHoSie  peeh&g®,  ii  iothop®ckfegs 
sad  not  ttes  ji®3C0osi  which  deiermiaoB  to 
ability  of  ih®  rscilfiei'  to  witiictand  cormriv© 
atmoapfeeres  «sd  fe&At 

5.  Wide  temperature  range.  Proper  dasSgss 
permits  gormsjriusu  writs  to  ha  operated  fro::-?. 
-8&  to  105  C  sad  rilicon  from  -69  to  299  C. 
JAN  sad  Navy  cpcciScatiosiQ  ar’e  for  a  mnsS,- 
mmo  kuMBssraiimi  id  75  C  for  iow-aigasl 


«WE?rit  R.  g.  ‘TSir'sci  f»’ster  Cooled  Ganaasitsa 
PoTi-wr  Rcriifier,''  CaaiaaEicsU-rso  wsd  EJ^sctroaScs, 
/USS,  Jsxairy  S95?, 


Fig.  1-2.  Comparison  ol  .■^sienium,  gorrosniuia, 
soil  silicon  rectifier  ctartctsriotica 


germanium  and  55  C  for  higher  power  (N93), 
and  manufacturers  producing  to  military 
specifications  will  Ed  specify  above  150  C 
wnbient- 

6.  Small  «Im.  Tbo  only  limitation  on  com¬ 
pactness  is  tlia  ability  to  dissipate  tbo  heat 
generated  internally.  Because  ol  tha  low 
for  ward- volume  drop  and  small  leakage  cur¬ 
rent  ,  Httlo  power  must  be  dissipated  by  th-a 
rectifier  and,  therefore,  the  rectiflor  package 
can  bo  small.  “Soma  of  the  tranformorless 
unite  (water-cooled)  have  almost  10- kw  ow- 
put  per  cubic  foot  of  volume  required  and  cp 
to  60  kw  per  square  foot  of  floor  apaca  re¬ 
quired,  “  * 

All  of  these  advantages  canoot  bo  attained 
without  some  minor  concomitant  drawbacks. 
Germanium  atxi  stiicca  rectifiers  are  net 
eelfheailng  when  they  are  subjected  to  volt¬ 
ages  in  excess  of  their  breakdown  voltages 
in  the  way  that  selenium  rectlfloris  fcaw- 
times  aro.  Overload  currents  must  be  con¬ 
sidered  with  more  care  in  germanium  and 
slticcr.  colls  because  their  low  effective  in¬ 
ternal  resistance  does  not  limit  the  circuit 
current,  and  their  high  current  density  re¬ 
sults  in  concentrated  heating.- Selenium  recti¬ 
fiers  find  some  measure  of  self-protection  is 
current  limiting  by  their  higher  coil  reHiot- 
ance  and  from  less  concert! ration  of  beat  due 
to  their  lower  current  daasltie«c 

Ai  present,  single  silicon  colls  can  he 
supplied  for  maximum  current  ratings  only 

*  w  ,’)>!,  R.  K.,  “T>1  reel  W lie r  Ccxtiffi’i  G*rmaniim! 
Power  Rectifier,  ”  CoaiKumlcatlcn  am'  Rlectreeilcsi, 
AlKg,  January  IS 57. 


as  high  as  abort  §9  got?  ctroragb.  ©a  gfea  oS&r 
cm d,  silicon  can  handle  considerably  ESgbsr 
peak  inverts  voltages  cotnparsdtogsinsaMsffls 
so  that  fewer  unite  ia  oeriec  will  bs  rsajaired. 
For  voltages  above  abort  100  (tic)  T^hero  b?o 
or  more  g@rsnanlu.ca  smite  in  m rteo  ue$M  to 
repaired,  the  noo  of  a  silicon  reetifiss1  ocenas 
indicated.  Typical  eharacta’istics  to  Sffifcoa, 
germanium  and  aolsnlum  rectifiers  as«  lasted 
in  Table  1-&, 

Silicon  seems  to  Slav©  bettor  gseah  hrm-es 
voltage  characteristics  with  reopetsi  te  tem¬ 
perature  than  germanium  whose  loakags  Ijs- 
creasss  and  peak  inverse  voltago  decrees 
an  the  rectifying  junction  iempesrtws®  in- 
creases.  *  The  same  effects  occur  with  Mficcn 
but  at  higher  temperatures. 

Although  ns  stated  above  the  whole  slfcattca 
regarding  those  newer  typos  of  rertiftesrs  in 
extremely  fluid,  the  following  statessajits  can 
summarize  the  picture  as  of  Febrassy  11/58. 
Table  1-2  glvsn  additional  date  but  1b  sshjart 
to  wide  changes  with  time. 

Selenium.  Attractive  from  tha  uteE^dct  oS 
long  experience,  wide  poorer  range,  taw  ccei* 
good  reliability,  and  overload  pm’ecile*. 

Germanium.  Highest  in  forward  iffldsney 
but  not  suitable  for  high-  tempo  raters  (Oper¬ 
ation. 

Silicon.  Has  do  fl  nits  over Seed  liBdteilotsa 
but  hna  the  highest  operating  isnjpgrrturo 
capabilities  and  the  lowest  leakage;  ospeE&Sm. 

Thera  Is  no  simple  clear-cut  armiwr  to 
the  question  "which  lype  of  semieesdssto-r 
rectifier  shall  bo  used?”  Each  typa  hse 
certain  outstanding  characteristics;  ssd«jferr« 
these  characterlstieo  arc  significant  £a  an 
applixation,  they  form  a  ba/iia  fox  a  laical 
selection. 

In  summary,  however,  selenium  rectifiers 
offer  good  eorvico  under  conditions  tjfero 
overloads  of  voltage  and  current  aro  fretpsantly 
encountered.  Silicon  rectifiers  offer  figh- 
temi>eraturc  operation  and  very  low  covers® 
currents.  Germanium  rectifiers  cifax  very' 
low  forward  voltage  drops'  and  cxeoltesi  regu¬ 
lation. 


Alitxtttgh  the  fundamental  principle  o-I  sper- 
atlon  in  the  earns  whether  tho  somiceasStc-ar 


Table  1-3 — Comparison  of  BaU-Wave  Semiconductor  Rectifiers* 


Property 


Working  earsesst  density 
forms  rd,  amp  per  tq  fa. 

Overload,  correal  density, 
forward,  amp  per  *4  In, 

Working  forward  drop  ai 
cell,  volts 

Initial  fonmrd  drop 
(1-0),  volts 

Reveree  curs'eat  Penalty, 
amp  per  cq  Is. 

Reverse  voltage  per  cell,  rm* 

Reverse  voltage  per  cell,  peak 

Overload  (reveres) 
voltage,  %  below  MMY 

Frequency,  mas 

Capacitance  per  aq  in,  mn;J 


Max  EEsbleci  teaeperatsye  5 
deg  Ct 

Mar  hotspot  teia^cratura, 
deg  C 

Heat  sink  s-eqaiusd  $ 
Efficiency,  % 

Largest  elzs,  fa,— ■ 
forced  air  ratls.j,  smj 
Smallest  size,  saa 
Resistance  to  coatountoalksa 


Selenium 

GcrraaidEsg 

©JB 

eta 

up  to  20  times 

1®  tsSS»e 

(see  duty  cycle) 

0.7-1  J 

G.8-0.C3 

0J 

0J-S.S3 

&M 

0.26 

15-42 

3.5-40® 

21-34 

5-2500 

40 

£0 

400-1000 

20,000 

50  5Jc  (Shin) 

20,000  old 

2000  new 

— 

100  future 

158 

E3 

170 

ICO 

No 

Tea  S 

8C 

89 

12  x  10;  73 

60S 

S  (Syntron) 

1.5 

Thick  paint  and 

Hsrtirilc 

hermetic  seal 

seal 

®es-cs» 

8  timaa 


0.4-0.? 

MS 

3.8-1006 

5-1500 

23  j 

*0,009  1 

so  mc  ctfcio) ; 


m 

3.5 

Hermetic 

Beal 


*  From  R,  C.  BHchccck  and  8.  K.  Brayotaw,  Syrirca  Company, 
t  Two  type*  si  selenium:  standard  for  45  C  a  mbit  id  rsA  90  C  hotspot;  Llfib- 
temperature  wilts  for  126  C. 

t  Selenium  t*  an  area  type  reeti/las-  with  a  bull! -la  has!  sfak. 


Is  gersnsuium,  Bolenimr,,  or  Bill  con,  the 
methods  of  construction  and  operating  char¬ 
acteristics  differ  In  various  ways.  Far  that 
roacoa  each  typo  le  treated  separately  is 
whnt  follows. 


Cell  Elfsiaata.  Listed  'low  are  tte)  part* 
of  a  cringle  eeienlum  rectifier  ceUL  Tit!®  rasisa- 
facturlng  procenooa  described  are  bade,  eeefe 
manufacturer's  processes  vaiyteg. 


SELENIUM  RECTIFIERS 

Aside  from  Instrument  roctlflor*,  which 
employ  copper  ooldo,  selenium  units  are  the 
meet  Widely  used  of  all  tho  semiconductor 
types  in  the  electronic  industry  at  the  pro cent 
time.  There  are  two  basic  forms  oi  this 
roctlfler.  Ono  Is  the  enclosed  cartridge  style, 
consisting  of  a  number  of  disk  celia  In  inti¬ 
mate  contact,  which  Is  frequent!  t&ed  ta 
low-power  clrculte.  Tha  other  Is  u.a  stack 
form  commonly  used  in  medium-  and  higb- 
power  circuits. 

Construction  Detail* 

Tho  construction  details  c l  a  typical  ee Io¬ 
nium  coll  arc  shown  lrs  Fig.  1-3. 


Baas  Plat*.  The  base  plata  is  alurufoum 
from  0.10  to  0.40  inch  thick,  raid  is  either 
nickel  or  bismuth  plated.  Often  it  Is  otchsd. 
When  expense  is  not  Important,  a  c"'i&  nickel 
bag®  plats  may  be  usad;  but  whsa  ©ccftossy  Is 
important,  iron  plats  may  ba  clad  wstk 
alumlnu—  than  nickel  pltttorl.  Tha  nickel 
is  essential  to  make  the  soleiikaa  adbsrs  to 
She  baea  plate. 

Selenium  Application.  Actual  methods  for 
.  m-uying  the  selenium  are  each  ruasufseturer’s 
Gccrct,  but  lu  gox.  live  material  may  fo# 
ovaporated  onto  the  oaso  plate,  pressed  on  it 
from  a  powder  at  2000  psl  £t  133  C,  or  ap¬ 
plied  in  a  molten  layer.  By  e  eat  rolled  best 
treatment,  this  selenium  layer  is  ccareitcd 
to  the  required  crystalline  atr-ctura. 


f 


Blocking  Layer.  The  methods  by  which  the 
Mocking  layer  is  applied  or  the  material  from 
which  it  is  made  are  secret  A  poor  blockiag 
layer  is  a  major  defect  in  an  otherwise  good 
rectifier  and  it  the  chiof  contributor  is,  cell 
aging. 

Counterelectrode.  This  is  a  layer  of  cad¬ 
mium-bismuth  or  cadmUun-tinP  sprayed  asto 
tho  solanlum  surface. 

Stacks.  Individual  selenium  rectifier  cello 
nre  grouped  in  stacks,  which  include  throe 
broad  classifications  by  ur:o:  cartridge,  radio, 
and  power.  Thar©  will  bo  cacea  where  to 
Una  of  demarcation  is  not  clenr-cui,  but  in 
general:  cartridge  stacks  are  groups  of  ceils 
In  serico  for  high  volt  ago  ci  and  low  cur  rente, 
tSOO  volts  and  up,  60  ma  and  down.  Radio 
stacks  are  groups  of  coils  in  series  lor 
medium  voltages  and  currents,  160  to  400 
volts,  50  to  500  ms.  Power  etacls®  are  single, 
series,  or  oorioo-parallel  ceils  for  medium 
and  low  voltages  and  heavy  currents;  §  to  20 
volte  and  hundreds  of  amperoo  lor  electro¬ 
plating,  SO  to  60  volts  and  100  to  500  amp  lor 
welding,  125  to  460  volts  and  1Q0  to  1500  amp 
lor  applications  where  power  MtMc  magnitude 
lo  required. 

Cartridge  Stack.  Round  colls  can  bo  stacked 
in  series,  all  facing  the  samo  way  and  in 
intimate  contact.  (See  Fig.  1-4.)  A  metal  slug 
at  tho  alloy  (positive)  ond,  and  a  tralicai  spring 
at  tho  base  metal  (negative)  ond,  are  pushed 
together  to  make  a  fight  spring-loaded  as¬ 
sembly.  Glass-to-metal  sealing  compound 
provido.s  a  hermetic  seal.  (Seo  Fig.  1-4.) 


Sto  alt®  aad  as®  dtasctosd  es  feS 

the  cello  ssra  cwfefe  the  edges  sS  t&o  ferrate 
eeaEseSeas. 

TBra  iMeteess  <s£  to  rsetifte  sHAte  varte® 
th®  HsaBSJfeetareEy  Srsss  ©.©1©  to  ©.CM® 
tosh  thick  bar:,?  plate,  plus  8 test  ©.00®  teEt 
of  mloMxmi  asd  slloy,  so  that  fibs  salve  stock 
length  raegea  Urea 

vcilte  per  isefe  «  S,/©»0&8  a  s§.g  33,  t® 
TOE®  per  tads  >=  Ej/O.^kSS  ®  2®.0  S, 

wh3ra  5„  is  to  terore®  iwerEO  FnWnge  rating 
of  each  cell.  Actual  working  length  depends  oa 
both  to  voltage  el  to  coil'.)  aM  to  number 
of  cells. 

fe  gsassrsl,  to  asfe?  1 

L  »  {toMs  nEgitjrmd)/  (veSs  %ss  tech?) 

Tharofor®,  for  a  6000-volt  etas&  wife  13S 
cells,  each  with  B,  equals  4Q  emits,  to  te® 
v&xmso  of  seiivo  kegth  are 

©.018  it  6000/40  «  2.SS  inch, 
a»l  8.048  k  6000/40  o  6.08  inch. 

Radio  aafl  Ptxtar  Stacks  (Open  Construction). 
In  general,  to  eoasiraction  of  a  typical  btacS 
la  as  follows:  The  individual  cell®  aro  as- 
aerabled  on  ft  metal  mounting  @h«!  insulnto! 
by  s  length  cS  phenolic  tubing.  A  am  all  inf¬ 
lating  waefear  Is  placed  against  to  alloy 
of  the  cell.  A  larger  spring-coaiact  washer 
Jo  than  placed  over  to  Insulation  (pressure-" 
HmlUng)  washer  acd  against  tho  alloy  side  erf 
tha  Cell,  Bach  individual  cell  is  separated  by 


Fig.  1-4.  ifsptcwkd  view  (top)  ©f  selenium 
cart  ridge -typa  rectifier  stack.  Assembled 
view  (botteua)  cJ  selenium  cartrt.%c-tywj 
rectificra. 


.  *t 
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either  metal  or  toulafiag  raaeer.1  tcaeSiatfa, 
depending  apea  whstfeBJ  of  Eat  direct  eea- 
nedioe  between  cell*  is  Fetpdred.  The  a-c 
and  d-e  terminals  ara  thoa  placed  in  t&ste. 
propsr  jp@aiticao  co  &ta  asserssMy.-  Finally,, 
iaouiatioE  wasSiers  are  added  at  the  mde \ 
the  entlr©  aseasabiy  is  secured  2@c&- 
mtbsrs  and  nuts.  Tbs  ptfarfty  of  a  raetSfler 
may  be  determined  fej  iissjiseting  tba  aiaolt; 
the  side  of  tla®  cell  T^th  the  airing  wssbsr 
is  alwayo  positive,  assd  the  jpisssd  aids  is 
negatirs.* 

Power  fftac&s  arc  characterifsd  fcy  fcsavy 
currents  which  fsq&to  large  plates  eir  calls. 
Figure  1-5  shows  a  stack  of  6-  by  10-iaeh 
colls  with  two  jEo*G&3g  prods.  Figure  l~%. 
aleo  shows  &  gtac^  02  IS-  by  16-iiscSa  cells 
with  ah;  stain.  The  son  et  ruction  is  tfea  m« 
m  Sn  Fig.  1-8,  aseegithat  the  trblng,  wasters, 
and  so  on,  are  duplicated  for  each  start. 

%'si%_and_  Ccataet  Wagharn,  Figure  1-? 
shows  come  TypIcaT  contact  arrangements, 
A  salenidffli  rectiSer  epemtoe  eatisJaetcdlf 
when  tharo  is  a  definite  amount  of  latere®  11 
pressure;  too  little  is  had  for  tbs  forward 
drop,  and  too  mae&  crushes  tbs  eeiectess 
crystalline  surface  slid  raise  the  rerors-s 
voltage  chsracierieaisss, 

Spring  Washer  figd  fesnlatlsgSjpacer.  Figaro 
1  -TtSJtiTir  good  arrangement,  tioed  by  the 
eteck  of  Fig.  1-6,  wters  IW  is  tits  insaifitluf 
waster  which  restricts  the  mRsitnum  saeiica 
id  tbo  spring  washer  SCW.  Tterolora,  ssiel 
force  oxerted  by  tte  sansnUngteliwlll&gtKsas 
the  contact  washer  tight  against  the  insuMing 
wadies',  but  not  against  tha  working  are  a 
(W A)  of  tha  ftoioidujo., 

fSnuate-d  Spring  Contact,  la  Fig.  1-7(B)  a 
sinualed^Bprlng  raeraSer  m shoe  multiple  c«s- 
tacto  on  a  working  area  of  alloy  and  sele¬ 
nium.  An  advantage  of  fids  typo  is  ibo  fxsei 
flow  of  air  through  tee  craved  spring  member. 
It  le  not  easy  to  provide  definite  spring  pres¬ 
sure,  or  *.  low- resistance  contact  with  Fig. 
1-7{B).  'This  type  od  contact  la  msdnly  used 
for  radio  stacks  ci  relatively  low  current. 

Solid  Contact  Wastar.  Tide  contact  aces  a 
solid  contact  washor  Cw,  as  etewn  In  Fief, 
1-7(C).  A  thin  Insulating  washor  IW  is  placed 
on  tbs  selenium  layer  before  being  sprayed 
with  alloy.  This  iisr.u-Ltiing  waster  is  slightly 
Birger  in  outside  diameter  tiian  the  contact 
washer.  When  the  solid  contact  waiter  CW 
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Fig.  1-6.  Vo-^er  sfacfc  (to?),  ttiroe-phaco 
fcll-eave  brtdje,  6-  by  10-Snch  colie. 
Power  clack  {teitom),  holt-wavs  12-  by 
15-laci  calls. 


Is  EijuooEed  firmly,  H  cannot  damage  ib.s 
working  area  q1  the  selenium  WA. 

Solid  Contact  Pink.  Tide  type  Is  shown  ca 
Fig.  I -7id)  where  the  working  area  la  In  the 
center  of  tte  cell.  A  thin  insulating  waster 
lias  a  central  hole  around  the  working  araa, 
and  the  cocmteraloctrodo  ig  placed  over  bods 
tha  Insulating  waster  and  working  area.  Tfa® 
diagram  Is  exaggerated  for  clarity.  Stacks 
of  theca  cStiska  can  be  pressed  firmly  together 
without  crushing  tbs  selenium  in  the  active 
area.  The  echo  mo  of  Fig.  1-7(D)  is  expensive, 
and  for  low- current  applications  tt  is  not 
often  justified.  Tte  coosinscfcicn  of  Fig.  1-4, 
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with  a  etogle  cmtBet  sprles  t&  cam  esdJ,  is 
ftdtquafei  for  disks  «p  to  O.SIMMach  dlasas*®^ 
to  which  too  r/hols  surfs.cc  is  tto  active  esc®. 

Crosa  Coonoctor  ■■ ,  Q®  fig.  S-Stfeateor^saJs 
ara  eoppar  streps  rising  £ras  tbs  casfcra! 
spring  qhsro.  At  tbs  tie®,  iho  ceamoa 
tormlnls  u:$  Joined  by  a  ckkk>  sasectosr,  m 
that  toay  arc  paralMest,  vig.  >-?  3.-5  fees?  r 
thrca-phaca  tops!,  the  lofi-to?s«  ©dgo  sfimfing 
thro®  eats  oi  Input  teratosis.  Tfeo  d-c  otJpS 
toe  two  terminals,  each  with  a  spar©  tomiiai 

piiraliel  cosmactlesi. 

Figure  1-8  c4h)?/s  a  Str/iJ-i'a-ava  clack  ®-iih 
two  terraineJe.  too  frost  el  Fig.  i-6„  t?ss 
short  left  lias  is  w^inocted  to  the  longer right- 
hand  teminal  by  s  short,  welded  emss  cm- 
nectar. 

Prawnting  Colls  From  l^raing.  Wfee-si  a 
cell  too  two  or  more  roSid  holon,  toaro  to 
bo  problem  of  turning.  Sos  fig.  1--8(Q.  Tlia 
mounting  bracket  to  Kecurely  told  by  ttes 
atude,  with  tho  costsiruciiea  arosusd  each  gto;3 
as  shown  in  Fig,  1-9. 

Square  Kolo.  Oa  Fig.  i-SjA'j  a  sqisnr®  testo 
in  each  cell  is  filled  with  a  ®|«s.rs  tnmbiii^g 
tube  which  prevents  turning.  Obviously  mzy 
shape  which  in  not  circular  caa  rsplees  Cha 
square  shatss, 

Kdge  Holes.  Figure  l-8(®3  shsiv/a  a  ceil 
witET  semicircular  holes  to  fit  insulating  stoa, 
which  to  turn  are  Isold  eacssroly  by  the  ens] 

plats  a. 


gtefghi-llsao  Comisutdlim.  &  Ss  oStoa  ecsa- 
vee&egA  bofiTF:**w  m  MMxmSxbj  etaadpolnt  ami 
fec33  a  neago  tua/flilpMst  to  base  a  rsctlfisir 
steak  cads  to  a  single  atoifi^M  Mm.,  hi  Wigtr,. 
S-4'3  srd  S-49,  till  xuc.kiii&m  are  tifosrm  acfoa~ 
aaaitea%  to  a  straight  lto»  with  oietor m& 
eoanesMcsj  points  tadlcaied  by  small < clrclm, , 
ilpjTOia’i&te  tofMafiag  wa®feer a  are  prwltM 
to  feasji  tbs  circuits  electrically  £  operate,  Wair 
■sur’tiyvli!,  ihs  '/hreo-phaeo  toil-wave  brldga 
44  Z"  Fig.  i~68  raay  be  d$pi&c«to<3  aloe- 

trte?ny  by  wtl.mg  «?ix  hsif-wmm  gfcauflea  “SI" 
©i  Fig.  i~40,  or  three  single-^iaGe  do ubier 
steeke  ends  job  these  ssmi  to  Fig,  4-49.  la 
genera!,  the  added  space  ie  rsasS  aw-idllJAble  for 
ssparsie  recilficj-  stacks  and  tfcro  straig!*- 
a.®3  oiiigie-ujsU  etnutrucHOQ  is  prcfevroil 
H&s&rsr,  this  dooigner  shaaU  bear  to  mind 
ttei  it  is  sot  good  prueiiea  to  c-orahhm  in  a 
siugl®  etftch  rectlMore  farniehto*  power  to 
(separate  electricid  circuits  asd  that  the  raasd- 
mam  stock  lorjgtfe  mugt  fee  mmlntmX  with 
shock  ami  vibration  r«<(jidr®r*eoi,s  impulsed 
toy  Bjilliary  sorbic®., 

Tonatwaia.  Any  desired  typo  O?  tonnimi:. 
»usy  be  Guppliod.  Small  cartridge  stseke  often 
have  Itoo-clip  coancctora,  ©r  pigtail  leads, 
ilodi©  etacos  have  ealdar-typu  or  phig-in 
bausna  teriElnsal®.  Fo-jcer  aisckia  rnsuaUy  hav® 
bolt-®*  eoauccticmsi. 

Br^fiketg-  Mounting  brackets  ar©  used  on  a 
wf'Iiciy  uf  appiicatloss.  A  rigM-angled  plcc* 
of  tg'F&l  io  belted  to  the)  reciiiffiier  atod»  and  to 
tb-  ap^ratus  using  tho  rectifier.  On  large 
ceil  otecit®,  tha  bracket  uerves  a  duel  par- 


v»r«v* 


gtms.  It  MtSs  toe  r ecUfiw  la  glaea  it 
fretoEte  tha  ptetea  frc®  pbye’.'^a S  damage* 

SStsefc-monHited  brackets  are  a  agwci»l  case, 
Fcff  cosie  applieaticcs  of  ic#to»®  viferatiOB,  er 
sspeeted  shock,  to©  bracket*  m  teceodsKaSlf' 
mat's  resilient  to  minimize  t&*>  ssSsocfe  faaisa- 
ssitScd  to  the  rsetiSa?  stadk. 

Encapsulation,  In  some  tetoime®*  a  caSld 
insulating  maii/rlal  surround®  tbs  recti  fis? 
stash;  the  terminals  ©merge  to  make  elec¬ 
trical  connections.  Tbs  purpose  is  to  retard 
a?  pwent  the  psnot  ration,  of  mdsisre  to  tb® 
cello.  The  insulating  u;  ate  rial  is  usually  m 
thermosa'  ting  plastic,  which  sate  bslow  80  C, 
Sisco  higher  temperatures  may  damage  tbs 
callo.  Encapsulated  rectifiers  ar-o  not  as 
readily  cooled  as  those  which  may  Em  directly 
cooled  by  convection  or  forced  air,  sad  ar® 
aatea  derated  oo  allowable  loc/J  effisrersta.  Foe* 
high-voltage  cartridge  stacks,  a  vaeotsaa  and 
pressure  tight  Joint  of  terminal  caps  »nd  star- 
sounding  insulating  tube  is  regarded  as  a  fear- 
faette  coal. 

Faint  and  Varnish,  After  assembly  am!  test, 
a  eoleniuns  rectifier  is  usually  painted.  'First. 
toe  terminals  a re  masked/  off  sad  toan  tbs 
paint  is  applied  by  dipping  or  spraying.  Tbs 
ideal  coating  Is  somewhat  flonJbla,  opaque, 
a: . .  strongly  adlwronti  In  addition,  it  most  be 
compatible  rrith  the  rectifier.  The  goal  io  a 
coating  which  resists  normal  atmos^terls 
conditions  of  dust,  nwlaturo,  naif,  atmosphere. 
End  furigua  growth.  Tha  paint  may  bo  air  dried 
or  baked  dry.  The  exact  formulation  varies 
with  each  manufacture*’. 

Sail -Spray  Finish.  To  successfully  resist 
calf  oprayTatKick  coating  is  needed.  Usually 
this  ia  a  multiple  coating,  if  His  baked  it  snuid 
bo  at  a  temperature  consistent  vdih  too  se¬ 
lenium  cell  charfieterialies. 

Fungicide  Finish.  A  fungicide  TOraieh  may 
be  applle-if  after  all  other  paint  coate.  Ar)  a 
role,  the  fungicide  finish  is  applied  r/M!a  tor? 
terminals  are  masked.  After  the  imo  bars  sro 
connected  permanently,  it  ii?  good  practice  to 
spray  them  with  tha  fungicide  finish.  Fungi¬ 
cide  finish  is  recommended  for  tropical  or 
extra  high  humidity  applications. 

FtoafT-egt.  Following  all  paint  ssppUeattoes, 
live  stack  is  given  a  final  test. 

Voltage  Test  to  Ground.  The  ©tods  (or bolts) 
and  mounUng  Brackets  aro  tested  by  28-eycl© 
a-c  equipment,  usually  v/ith  twice  ihs  rated 
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Fig.  i-V.  Typical  contact  spring  arrangements 
for  stacking.  (A)  Spring  washer  and  Inaulffitii^ 
spacer.  (8)  Sinuaiod  aprjng  contact  (C)  SolkS 
coatecl  cpccer.  £D)  Solid  control  dlak, 

vdtag®  plus  1000  volts  to  each  temiasL 
There  ahonld  bo  no  breakdown. 

Ope  radio  a  Test  Typically  thlas  is  in  two 
parts  Tor  a  olngle-phaoss  bridge ;  flyc.t  tha  a-c 
voltage  drop,  with  tho  d-c  terminate  short 
circuited,  Is  measured;  the  •  the  revoros  a-c 
current  at  rated  a-c  voltage,  with,  the  d-c 
tormina!*/  open  circuited,  to  measured.  Test 
(bulls  urd  requirements  of  the  military  spec¬ 
ifications  ai'3  given  later  In  this  chapter. 

Cell  Formation.  During  this  process  the 
blocking  layer  is  formed,  that  is,  lie  resist¬ 
ance  in  fibs  reverse  direction  is  increased.  Be¬ 
fore  forming  a  cell  may  refuse  to  pass  ap- 
pracintls  current  with  up  to  10  volte  rpplisd, 
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Fig.  1-G.  Method*  used  to  prevent  ceil  rotation. 
(A)  Single  nonround  hoi*.  (B)  Edge  holoo.  {€) 
Two-bola  assembly. 


bud,  after  forming,  the  blocking  voltagomaybe 
ite  high  as  45  veUs.  The  actoil  forming  proc¬ 
ess  consist*  in  dicing  cuv-.mt  thrones  the 
cell  in  the  reverse  direction  according  to  a 
definite  time  schedule. 

Cell  Yosts.  After  forming,  the  cells  are 
tested  and  may  be  rated  to  groups.  Flgurs 
1-9  gives  typical  cummi  densities  for  tm 
types  of  service,  coavectiaa  cooling,  and 
forcad-air  cooling. 

Convection  Cooling.  For  this  service,  the 
cells  are  foofetTwIth  &  forwar d  current  of 
0.700  amp  per  «q  in.  whore  the  forward  rolt- 
sgo  drops)  nsr a  as  shown  in  the  table  below. 


Rectifier 

grada 

Fcrwarcl  vciiags 
diup*  (volts) 

A 

0.9  -  1.70 

S 

l.iS  -  1,49 

C 

S.41  -  1.60 

For  eoesvectiea  appMexiion*,  the  curves  for 
A,  B,  and  C  cells  are  £ot  generally  applicable 
above  0.700  amp  par  sc  in.  because  of  raadoen 
v&riatioo*  to  cell  characteristics.  That  is,  am 
A  cell  does  not  aecessarily  follow  the  are*, 
between  curves  I  end  E  of  rig,  1-9  at  currant 
densities  higher  than  0.700  arm;  per  sq  to. 
Hor.aver,  because  the  test  for  D  through  J  is 
severe,  it  is  permissible  to  use  a  D  or  an  3 
cell  for  convsctiom-codcd  conditions  as  an  A 
cell  at  current  dsnsitie*  of  0.7Q0  amp  per 
sq  to.  Similarly,  **  anal  G  forced- air  rating* 
can  be  used  as  B  convection  ratings,  and  H 
and  J  for  C  convection  ratings.  , 


Flgnr®  1-1©  shows  the  rsns  forward  voltage 
drop  as  a  function  of  kxd  current  factor  for 
six  typical  B-rating  selenium-cell  circuits. 
Example:  A  single- phase  bridge  for  capaci¬ 
tor  or  battery  loads,  carve  1,  at  normal  load, 
will  have  a  rms  forward  drop  of  1.92  volts. 
For  a  stogie-phase  bridge  resistance  load, 
curve  4,  at  normal  load,  will  have  a  rms  for¬ 
ward  drop  nl  US  volta. 


High-Beastly  Colls.  At  present  there  is  so 
agreement  on  whai  corustitatb  a  “high-den¬ 
sity’''  forward  current  for  a.  selenium  Cell 
for  convection- cooled  applications.  Oita  sug¬ 
gested  high  density  i*  0.800  amp  per  sq  in. 
for  bridge-circuit  restotange  loads,  and  0.500 
amp  per  sq  to.  for  a  bridge  circuit  with  ca¬ 
pacitor  leada. 


The  real  question  is  not  that  of  forward 
current  density  tod  cf  the  operating  tem¬ 
perature.  A  high  denetiy  cell  will  run  hotter 
than  a  standard  density  cell,  with  shorter 
expected  lit*. 


Forced-Air  Cooling.  For  this  service,  lbs 
ceil  a  are  tested  wltH  a  forward  current  of  3. 35 
amp  por  sq  to.  where  the  forward  voltages  are 
as  shown  to  tho  tabic  fcciois. 


Rectifier 

grnde 

Forward  roltag* 

(Stop11  (volts) 

D 

1.50  -  1 . TO 

X 

s.7i  -  1.80 

i  ? 

l.M  -  2.13 

1  0 

2.11  -  3. SO 

i  E 

2.31  -  i.M 

i  J 

2.51  -  2. TO 

♦Rating  and  testing  used  by  Bysfroa  Cranpisy. 


NEMA  etmidaixls  for  metallic  rectifiers, 
MRI-15S5S,  etatos  tost  the  normal  current 
density  cf  a  single  eolf-cooled  selenium  cell, 
operating  at  an  ambient  temperature  of  S3  C, 
shall  be  approid pi aialy  0.S5  rms  amp  (0.1Q 
amp  dc)  for  each  square  inch  of  rectifying 
area.  Tbs  actual  current  ciersity  at  which  a 
particular  rectifier  cell  to  rated  depends  upon 
the  quality  of  f~  product  and  tho  manufac¬ 
turer's  interpretation  cf  normal  life  expect¬ 
ancy..  For  military  applications,  vtoere  the 
design  ambient  temperatures  normally  ox- 
ceod  5©  C  and  where  high  reliability  and  leng 
life  are  important  considerations,  conve-ctioa 
cooled  cell  current  tisneities  at  which  the 
rectifier*  are  used  are  normally  much  lower 
than  the  35  to  40  C  basic  rating,  which  the 
rectifi®,  manufacturer  mu igna  to  his  coll*. 
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Fig.  1-0.  Selenium  wH  ^raSes  (top),  cos- 
vectioo  cooled.  Sslesstesa  osll  fprsdes  (bottom), 
forced-air  cocicd- 


Sjandarci  Voltages 

The  voltage  rating  of  a  partlcalns-  rectifier 
depends  upoa  that  ol  tte  iijdlviiJeaf  plates  asd 
whsihar  the  plates  are  js$t  together  in  soriee 


©s*  gsuraSSeL  Early  es§eE3esa  plates  cots  Si 
lied  i®  topsi  voltage  raMjsgo  cf  14  to  IQ  volte 
ctss,  bat  more  uscdsfa  toebaispteo  tevo  mt£,s 
goasMo  a  cteEjSsjs^siei  ®orl»3  &1  Moiios*  ssS?> 
togs,  Bstably  ®f  2®,  SSS*  3S,  4S  aaS  48  vsl&a. 

TSso  u&o  vg  4g-vEit  pistes  may  rssulfi  to  sub¬ 
stantial  rsdEKtien  la  U»  else  aa4  weight  oi  s 
eiacfc.  For  ©sample,  5a  applications  reipiring 
SO—  to  SS*>vol  c$~c  oatpct  totoaraststlvaor  isj- 
festive  load,  as  8-pMe,  sin($e-pkae3,bri<li2!S- 
veetMesr  stack  is  seeded  if  3&~v©lt  plates  as® 
used.  With  48»v©3i  plates,  tho  assembly  e;iab» 
s^iiKfed  to  4  plates,  giving  a  apace  and  wight, 
.vedactloa  cl  about  50  .percent.  Depending  «p®a 
ap^Ltcailcas,  ctusilasr  reduciioM  are  poBElbls 
with  33-,  33-,  sod  49-volt  plates.  Tto  srotii 
for  12-volt  battery  chargers  dictated  Sty  te 
advent  w?  13-v©Si  iguificn  systems  to  awto- 
mobile  p  is  a  cage  to  gstat.  The  most  ecOTiom-* 
icsl  circuit  for  this  ap-gitoatioas  is  a  canter- 
tapped  bridge,  for  uMcb  a  pair  of  8<&«v©?S 
plates  par  cm  are  Ecrmally  Tfeo 

Eectifley  aessuifeiy  esa,  however,  bo  mhsesfi 
to  about  hall  giso  bj  eciug  a  siagte  3(M»»J8 
piste  par  asm. 

sKLSwnre-f  RmmwM 

OPERATING  CHARACTERISTICS 

Operating  charaetevIgUCB  .-.Star  with  metli- 
otto  of  manufacture,  gga,  temp/mtteo,  mii 
olbar  variables.  Alt,  kowavor,  diepiay  tha 
typical  eteap  eurreuft  srieo  with  voltage  la  tha 
forward  director,  and  the  relatively  Hat  cu>~ 
mrt  curve  with  vcSisg©  in  ths  reverse  <51- 
rectiosi.  Note  tent  5a  Fig.  1--11,  20  volts  to 
tea  s'svorBo  direettoe  produces  a  current 
through  the  rectifier  of  only  0.004  amp  per 
in.  of  eurfeee,  white  ©riy  1  volt  in  tfco  forward 


use  Fscnw 

Fig.  i  -  IS.  FonTard  ■scSsjj*  drop  (D  /)  oi  osl®- 
*ism  recUflara,  ss  n  tcuctioa  of  load  factor 
for  rai-k;c.fl  cSrccit*. 
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FORWARD  VDLTS,  D€ 

Fl(;.  S-Sl.  Curvas  for  a  typical  •ekolusa  rectifier,  fours  rt  volts#*  vs.  forward  reaUUsc® 
(left),  toJ  vclt-ani’s®!'®  characteristic  (light). 


direction  permits  over  0.2  trap  per  e^j  la.  to 

pass. 

Direct  Current  Obtuinatvls 

The  current  passed  by  a  soScEkua  reefer 
is  a  function  of  tha  voltag  and  the  area  Of  iha 
rectifying  surface.  Figure  1-12  sh©*»  the 
approximately  straight- ito  rolailoo  vrftfi  radio 
stacka  on  log-log  scales  of  currant  ae 
function  of  area  for  a  given  voltag e.  Although 
only  two  standard  voltages,  23  and  45,  aro 
ahowa  far  two  cimiii  cocfiguratiaaa,  ginglo- 
phass  and  alu-phase  star,  ths  range  oS  cur¬ 
rents  that  can  be  handled  is  clear,  la  Fig. 
1-13,  typical  forr.’arrl  curreat  dencltiee  for 
resistive  loads  arc  given  a.a  a  ftascttoa  of  ro¬ 
ve  res  voltag®  asd  t&@  aasitesr  of  ceils  in  tlie 
•Uch. 

Figure  1-14  gives  a  ecxaparieou  of  ttss  cur¬ 
rent  obtainable  from  jwvfaral circuity  *11  using 
the  same  cell. 

Life  B appetency 

The  operating  life  that  eaa  he  obt*Ss#d  Sc 
mainly  a  function  of  U»  bKsjparatur#  s&  which 
the  rectifier  operates.  Moist ur*  vapor  and 


llgJsfe  m  the  Junction  sure  ulco  factors  thai 
govern  the  useful  life.  Bud  of  useful  life  1b  tha4 
point  whore  the  alternating  voltage  required 
to  produce  rated  output  current  and  voltege 
exceeds  the  value  specified  for  a  fully  aged 
cell.  A  typical  relation  between  ambient  tera- 
peralur®  and  life  is  shown  In  Fig.  1-1B(A).  For 
this  particular  case,  the  manufacturer  aiates 
that  %  life  a  pan  of  PD,000  hours  can  bo  ox- 
ported  at  35  C,  but  only  1500  hours  at  1$0  Cr 
although  manufacturers  can  supply  units  for 
operation  up  to  150  C.  Low-teraperaSure  celle 
are  limited  to  live  operating  conditions  to  the 
right  oi  the  dotted  curve  in  Fig.  I- 15(A).  Ib 
this  case,  life  is  defined  as  a  100  percent  ic- 
creaea  ia  forward  voltage  drop  from  it*  in¬ 
itial  value. 

Although  a  tempers, hire  high  enough  te 
meti  tho  countoreiectrode  causes  euro  'aiiu.ro, 
lower  temperatures  than  this  can  definitely 
bo  detrimental  to  roctiiier  Ufa.  Figure  1-1*5 
(B)  shows  tiw  temperature  lie®  a bora  a 
40  C  ambient,  from  10  to  100  percent  tfe® 
full  load,  to  ba  S3  C.  If  the  tempo .rature 
is  high  enough  to  affect  ths  barrier  layer 
adversely,  but  not  high  enough  to  melt  the 
ccunleroloetroda,  rupture  of  tho  barrier  layer 
occur*  and  a  reduction  of  rectification  ca- 
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Pig.  1-15.  (Lett)  PertnlasibJ#  currant  as  a  function  of  area,  resistive,  or  Inductive  load, 
40  C  ambient,  convection -cooled  radio  and  power  selenium  stacks  with  1-8  cells:  ?.v  45-voit 
cells,  single-plwsD,  half-wave.  S.  26-volt  cells,  single-phase,  hill -wave.  3.  45-volt  cells, 
three-phase,  full -wave  center-tapped.  5,  26-volt  cells,  three-phase,  full-wave  center-tapped. 
(Right)  Permissible  current  ae  a  function  of  area,  reslstlva,  or  Inductive  load,  40  C  ambient, 
convection -cooled  cariridga  stack. 


paetty  ramitts.  /It  thf*  point  It  is  likely 
that  sin  opon  circuit  will  occur  In  the  barrier, 
bat  ttac  remainder  of  the  rectifying  area 
couttnueo  to  function.  Partial  or  complete 
feiluro  generally  occurs  when  the  cell  tomper- 
attire  It;  in  the  region  of  100  to  1G0  C,  de¬ 
pending  on  manufacturing  techniques.  Rupture 
os  the  barrier  layer  may  be  caused  by  hoi 
spots,  which  in  toemcslvefl  may  or  r  not 
causa  molting  of  toe  counter  slectroda. 

Ttso  cctual  temperature  rlae  above  am  Meat 
In  cauacd  by  the  isR  losses  within  the  recti¬ 
fier  plus  heat  absorbed,  generally  by  radiation 
from  surrounding  components  with  higher 
temperature.  Characteristically  the  I*R  losses 
tncreass  with  iiroa.  I3ecau',n  the  reverse 
current  occaclonalty  decrease*  with  tints  for 
eever&l  hundred  hours  before  It  starts  to 
increase,  there  aiay  be  an  interval  in  which 
the  total  i*R  Iosssb  decrease. 

An  important  fact  not  to  be  overlookod 
Us  that  the  offoebvenoes  of  forced  air  cooling 
l e  limited  by  the  temperature  of  the  air  used 
for  cooling.  As  tha  tempo  rature  of  the  cooling 
air  rices,  It  can  accept  lees  and  loss  boat 
groin  the  rectifier.  What  Is  Important  in  that 
dla  temperature  of  tha  barrier  layer  lntlde 
the  ceil  be  kepi  within  eafe  limits.  Tha 
temperature  oa  the  surface  of  the  coll  ■sill 


be  Ie»a  than  the  temperature  at  the  barrios' 
layer  duo  to  too  thermal  iraped&nco  of  the 
materials  of  the  call. 

High-temporatux’e  operation  lo  »  prime 
cause  of  failure  bocauca  of  damage  to  the 
barrier  layer. 

As  shown  lu  Pig.  1-16(0,  CD),  and  (KJP 
toe  operating  characteristic*  of  selenium 


NUMBER  OF  CELLS  IN  STACK 

Fig.  1-13.  Forward  current  densities  af  half¬ 
wave  selenium  rectifiers,  reolsillve  load,  aa 
a  function  of  stack  alxe  and  reveres  voltsgo. 
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Fig.  |E>.  Tsusperefeire  sfc»  at  b  ihrtfr- 
phase  cocwctioB-coolod  rectifier. 
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Fig.  1-14.  KstalSre  eetpvS  of  various  rectifier 
circuits,  all  'c-3lag  tbs  *aro*  Bias  celt  Th* 
figures  are  fessadcw  a  elagla -phase,  half-wave 
Circuit  havlaft  r.  relatlts  eutp.vi  of  1.4. 


rectifiers  wlH  vary  aver  long  periods  svoe 
tsadsr  relatively  gecd  cperafing  conditions. 
Thas«  curves  shoe  pregs-osolvoly  greater 
davlatioc  from  ih»  Initial  char.tctertetics  as 
tfca  load  ig  increased  beyond  rated  load  dua 
to  temparatare  riee.  Nofe  that,  at  twice 
rated  locd,  the  parfsuraKaac®  la  marginal,  white 
at  ihres  tlmen  rated  kid,  rectifier  periorm- 
ance  la  poor  aed  shortlived.  Therefore,  cot 
otdy  are  tbs  opergSIng  cbsracisrtoflea  ds- 
grrd«d  by  axcor-alva  loads,  but  tfca  effective 
operating  Ufo  in  also  affected.  Note,  Isowarer, 


that  thee*  carvae  are  typical  only.  Wide  vari¬ 
ations  exist  in  the  magnitudes  and  trends  of 
the  go  characteristic®  lor  different  rectifies' 
samples. 

Ovegikttai  Cspecity 

Qoe  d  t5»  advantages  of  tfca  sslenium 
reeiiffer  is  its  ability  to  withstand  ssomea- 
tary  evwilsads  without  harm.  Within  limit*, 
of  coarse,  it  is  not  the  currant  ovarloafi 
that  cssses  ultimate  failure  but  rather  the 
high  tesapers.'’urt>3  resulting  from  high  cur- 
rente*.  Therefore,  if  the  duty  cycle  i»  suf¬ 
ficiently  hr?;,  tkd  la,  if  User©  is  enough  off 
time  between  eswiostte  go  that  the  tempar- 
atur«  of  tbs  unit  does  not  rise  too  high, 
very  great  tetermlttoiit  currents  can  be  takes 
frees  the  rectifier. 


FSgsre  E-US  show*  f'vs  overload  abilities 
of  s  typical  rectifier  us  a  function  of  tha  os- 
off  cycle.  A  firefold  overload  ie  pemlsfiibte 
if  tha  rectifier  is  off  Sot  $  minutes  alter  a 
6-eecosd  as  period. 
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Fig.  1  -IS  (A).  Lite-  «z£*<taBcy  of  *  typical 
seleaivan  rectifier  se  a  fc-ctloo  of  working  load 

tad  »'rb!*al  tsaapesTsteir*. 


?Sj:.  3-15  fCi.  RrvarM  lesksgs  current  yb,  op¬ 
iating  tiiuc.  the  input  tolUg«  and  smbtsst 
cnariiliows  ressaia  coc riant  throughout  the  teet. 


Jfi 


Fig.  1-15  (I>5-  Forward  voltage  drop  vs.  op- 
e rating  ttos.  Tbs  Inpot  voltage  end  ambient 
conditions  remain  constazl  throughout  the  teot 


Continuous  oporation  at  higher  than  rated 
current  is  pcu^ibto  If  tore od- air  cooling  Is 
employed.  T  get  still  snore  currant,  stacks 
may  be  operated  in  parallel.  As  with  any 
electrical  6r-"ice,  suitable  -means  should  be 
provided  to  divide  tiro  load  equally  among 
the  paralleled  stocks. 


Darattng  at  ffigfa  Temperatures 

The  comb-Snaticsn  of  ambient  temperature 
End  a  voiteg®  and  current  rating  at  which 
selenium  rectifiers  giro  normal  life  varies 
with  the  manufacturer.  Yfhaiever  Is  considered 
as  normal,  less  life  can  bo  expected  at 
higher  temperatures  raises  the  current  and 
voltage  are  reduced.  Typical  derating  curves 
sra  given  ia  Fig.  i-17,  the  solid  curves 
reproesir  Txmal  life  end  the  dotted  curves 
reproeen,  minimum  life  of  JOOO  hours. 
.Another  manufacturer  gives  the  following  Ilfs- 
expectancy  figsros. 


-  . 

Actual  e®H 
Umporaterw 
(deSC) 

Hiubnum  expected 

Ilfs 

(hr) 

S3 

Indeflnito 

8-5 

<50,000 

TS 

30,000 

SO 

18,000 

90 

5,000 

100 

3,000 

DerclopmenS  and  use  df  newer  alloys  for 
the  eounterelcctrode  hxss  produced  rectifiers 
with  considerably  longer  life  at  temperatures 
od  100  to  130  C. 


Pig.  1-15  (E).  Output  vMts  vs.  operating  Oias. 
The  input  voltage  and  ambient  conditions  re¬ 
main  constant  Umoagbout  ths  test. 


Voltago  Qveric&tfl 


H  the  rectifier  had  infinite  reverse  r©  si  st¬ 
ance,  voltagos  higher  than  normal  could  be 
tolerated.  However,  because  of  the  reveres 
current  which  flow*  through  the  high  revere® 
resistance,  beat  is  rapidly  produced  If  ilia 
voltage  is  -jo  high.  Shorf-time  overloads 
may  bo  tolerated,  but  ara  not  recoamaixkT. 
Dielectric  cinctures  may  result  from  severe 
voltage  overloads. 

Koto  from  Fig.  1-11  that  revsrea 
looses  increase  at  a  rata  faster  tima  tea 
voltage  Increases.  Therefore,  an  increase 
in  voltage  sfeova  ton  nmnufacturor’a  ret®?} 
value  may  result  la  greatly  increased  fessih^t. 
Conservative  design  dictates  that  tho  recti-' 
tier  have  sufficient  reserve  rating  cftjactlg? 
to  hnn: ''.a  anticipated  voltagu  overloads.  Sfos* 
fcinusoidsl  applied  voltages  and  load  curreeSa, 
the  rate  value  of  the  applied  voltaga  .W2f? 
be  applied  as  a  guide.  For  nonatuusekM 
applied  voltages  and  load  currents  (lncludhsg 
half-wave  rectifiers  with  capacitive  loss*®, 
as  are  commonly  found  in  voltage  multiplier 
circuits),  tha  peak  values  of  voltage,  which 
tlie  rectifier  must  handle,  moat  be  d«  tor  tatted 
and  compared  with  the  peak  voltage  allowed 
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Fig.  1-17.  Derating  curve*  for  a  iyp.cal  cols- 
ntiun  reciiflor. 


for  tho  rectifier  under  consideratioa.  The 
peak  allowable  values  may  bo  considsrod 
to  ba  1.41  times  tho  rma  rating  of  the  roe£i- 
11  or  unless  othanrica  stated. 

For  a  raeictivo  or  inductivo  load,  tha 
peak  of  tho  input  ac  is  readily  calculated 
(for  a  sine  wav o  of  120  volts,,  the  peak  is 
169  volts),  but  If  tho  load  Includeg  esno  cs- 
pacitor  at  ths  roctliior  output  terminals,  tho 
possible  peak  is  double  that  of  tha  gins 
wave  input  (for  a  ain«  wave  of  120  volts, 
double  penlt  Is  338  volts).  Fcr  a  multiplier 
circuit  which  includes  capacitors,  tba  paakg 
must  bo  known  and  suitable  rectilloro  em¬ 
ployed. 

Cooling  Methods 

The  load  factor  for  selenium  rociiliore 
may  bo  oafoly  Increased  if  coma  method  for 
moving  the  fluid  (air  or  liquid)  botwocn  tho 
colls  of  tha  stack  Is  omployed.  Figure  1-18 
shows  bow,  using  tho  Indicated  spacing  be¬ 
tween  tho  colls,  tho  normal  current  rating 
of  one  manufacturer's  colon! urn  stack  can 
be  mairtained  by  convection  cooling.  The 
spacing  shown  Is  ouilable  for  convection  cod¬ 
ing  of  any  dee  coll;  cell*  larger  than  4  by 
4  lnchoe  may  use  half  the  indicated  spaclrg 
whan  forced-air  cooling  is  used.  Forced- air 
cooling  of  cells  smaller  than  4  by  4  Inches 
Is  not  usually  done.  Forcad-air  coding  ie 
most  ('ficctlvo  when  the  cell  spacing  is  each 
that  the  air  flow  Is  turbulent  r.uucr  than 
laminar;  if  the  colls  are  too  close  together, 
only  laminar  flow  is  possible,  because  the 
closely  spaced  Hus  act  as  dud  baffles  to 
smooth  the  flow. 

Figure  1-19  shows  that  for  a  forced  air 
velocity  of  400  'ot  per  mluute  (fpm),  the 
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Pig.  1-16.  rtvcosusajnded  minimus  esfl epaclsg 
for  convection  coalirg  of  rectifier  cCnTs. 

load  factor  may  bs  Increased  to  S.3  If  a 
temperature  rise  of  approx! cicdoly  25  C  is 
satisfactory.  Therefore,  a  e-tees  of  sight  12- 
by  16-inch,  25- roll  colls  witha BsarsjalcearraKJ 
rating  of  86  amp  in  n  throe  -pkass  feridga  cafl 
tafaly  iviadlo  88  tiins#  2.5  os  215  amp  with 


Lood  j 


[Load  ferciar  2 


Food  fee? or  5 

■"f— - 1 _ _ 


200  400  600  800  1000  (20 

AtR  VELOCITY,  FT  PER  E*Cd 

Fig.  S  -  It.  Snivel  at  cootisg  en  (r;a- 

peraiur*  r!  t*  ot  i  reettfirr  rtack  at  vWioos 
lctoci  factor*. 


490  fpsa,  sSae©  the  temperate®  slss  is  SisM 
to  25  C  above  a  3S  C  ambient.  Ths  normal 
eurrent’  curve  is  mi  continued  to  aero  air 
velocity  because  stacks  designed  fer  feresd- 
sir  sooiifig  rag®  d&fferesEi  spacing  than  toft 
used  for  effisvestiea  ecaMag.  ¥®  ifeisraaiao 
the  tfesoxistical  votaae  ffiJ  ee©Mmg  air  required 
for  a  rectifier  stack,  to  Masai  feet  par  second 
required  is  pass  ®vsr  to  calls  shfflsM  !te 
EjifitipUeci  by  to  outline  area  ef  to  sld© 
of  to  stack  tot  wlli  fe@  perysiKileui&s*  to 
to  tHr-setSoa  of  air  flow..  The  plans  of  to 
rectifier  ceils  e&suM  aevar  te  gsrpaudieelar 
to  to  dtrestUss  <g  1101?. 


It  is  ale®  possible  to  immerse  to  complete 
rectifier  ia  a  tank  of  oil,  to  which  cooling 
calls  may  ha  provided.  to  general,  oil  tasks 
•<wre  used  te  MjJs-voKags  stacks,  say  &S,C00 
volts  or  higher,  itore  Insulation  as  well  m 
cooling  is  oS  major  tnaportoac©. 

StegaMica 

The  drop  la  output  voltage  traps’  load 
varies  with  to  typo  of  circuit  ompteyed. 
The  acteisi  forward  voltage  drop  across  a 
elngla  selenium  cell  ia  2  volts  or  loss.  la 
a  typical  rectifier  a  to  forward  voltage  drop 
varies  feora  oboist  0.0  volt  at  half  rated 
current  to  about  1.8  volts  at  4  times  rated 
current.  In  stagle-ptejo  full-wav©  bridge  rec¬ 
tifiers,  to  output  voltage  at  4  times  rated 
output  current  may  drop  about  18  percent 
compared  to  to  voltage  at  rated  output. 

The  regMlaiioa  characteristic  of  a  typical 
ecravectta-ccoled  three- phase  selenium 
bridge  rectifier  is  represented  by  to  solid 
Mi®  in  Fig.  1-20.  The  dotted  llao  represents 
to  overall  regulation  of  rectifier  plus  trans¬ 
former  to  tm  1  pares”*  from  one-tenth  to 
full-load  direct  current.  Those  curves  axe 
based  oa  the  assumption  that  tho  primary 
voltage  stays  constant  under  load,  and  that 
ths  primary  voltage  is  adjusted  to  supply 
248-volt  direct  current  at  full  rated  load. 
The  curve  on  Fig.  1-20  is  from  actual  test 
data;  10  percent  regulation  ic  usually  guaran¬ 
teed 

Efficiency 


Semiconductor  rectifiora  are  inherently  low- 
resistance  devices,  and  their  efficiency  is 
fairly  high.  Compared  to  high-vacuum 
electron  tube  rectiiiera,  their  efficiency  ia 
high  because  the  latter  have  high  Internal 
resistance  and,  in  addition,  require  power 
for  heating  tire  cathode,  and  thin  power  must 
be  figured  into  the  overall  efficiency.  Figure 
1-21  shows  tho  efficiency  for  a  dsr 


slg.  1-29.  Voltage  regulation  of  a  tbree-^hace 
©aavscttoB-coolsd  rsetiSSar. 

manufacturer  *s  grestote  Tito  ©vsralS  eirasht 
afficiency  ie  a  function  of  to  tyg®  cS  circuit 
wad.  Figure  1-21  shows  to  relative  adras- 
togs  of  three-piias®  Ml-wav©  raeMIfirs  cose- 
pared  t©  a  three-phass  sMjtor-jpsaarator  sot. 

aiudeacy  Is  c omeiJmes  esltod  ©oarorsica 
ssfleiency  or  convaraian  ratio,  awl  is  to 
relation  between  to  a-e  poms  appMed  and 
fe  d-e  power  (tne&enmod  with  d-e  tworagJag 
iwete  ra)  secured  as  a  result  <3  to  recti¬ 
fication  process.  CowvercSea  sSicleacy,  as 
shorn  in  Fig.  1-22,  drops  80  to  racttSor 
load  in  reduced  halos/  fall  load.  This  is  tree 
because  the  forward  volte©;;  drop  to  ralativsly 
©castent  up  to  full  load  and,  at  leas  ton 
rated  voltago  this  drop  becomes  a  larger 
percentage  sd  to  load  volte  go,  Lasse©  to  effi¬ 
ciency  decreases. 

Cell  Capaciteocc 

The  average  selenium  ceil  will  have  sa 
electrostatic  capaeitece  of  spproodmstaly 
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Sfig.  1-21.  Kiticlency  carve  el  a  typical  three- 
phase  rectifier,  ®«rfclng  into  a  resistance  ’oed, 
compared  to  a  motor  -generator  e>£i. 
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SiNGLE-PMASE  THREE-PHASE 

Fi$.  1-23.  OBsroreioa  efficiency  of  vartess  cir¬ 
cuits  furstiastias  direct  curreai  te>  resists  ace 
load® 

0.02  nsf  pas'  isq  in.  e?  cell  area.  Thin  Mt-nite 
the  fmjus-Bcy  at  which  such  a  call  will  oper¬ 
ate  efficiently.  Ccofiidsx  a  33-volt  cel!  han¬ 
dling  power  si  a  curveot  osafsity  a!  0.0?. 
swap  par  la.  Tte  rtivsrs-s  resistance  a!  r, 
tail  cl  1  swj  to.  Is,  tterefora,  3300  otoa*. 
Tho  capacitive  reactance  d  tfela  unit  will 
be  equal  to  {Ms  value,  3300  ohms,  at  pito'dt 
2400  cps.  As  a  practice!  matter  evseh  a  uni? 
wili  roach  its  i»3W  operating  range  rf.  c 
maximum  frequency  cl  about  400  cps,  wharo 
tho  reactance  ie  about  ano-srlstii  tho  rsvorae 
ronSgiance.  This  effect  lc  an  advantage  with 
capacitance  leads. 

Naturally  the  capadtanco  c£  any  cel!  is 
s  fimctloa  cl  Us  dimensions.  ADN-lfOBO  off 
10  June  *653  etates:  "Selenium  rectifiers 
will  deliver  power  efficiently  up  to  10-03 
epsi.  Above  that  frequency,  they  MU  perform 
satisfactorily  but  at  reduced  efficiency.’' 

To  cling 

Because  a  metallic  rectifier  is  not  perfect, 
that  is,  because  it  dees  sot  have  infinite 
restetance  In  one  direction  and  zero  resist¬ 
ance  In  the  other  direction  anti  its  roflletanca 
In  both  directions  varies  Mlh  Umo,  tooting 
rectifiers  oi  tel*  typo  la  not  simple.  In 


^  test  gfcss,,  ®  paSo  reaisloasa  sioss.3 

"-’W  nsilectj  ffie  ©oeffiSsaras  ©2  tost  sot 
fasilsmeflL  -Jlasa,  cl  tyfcaS  vsMags, 
asd  teappretes-'c  ®i  ®a  ssca^-saiasst  m£a 
as3  tea?  was  St  i&£4to?  fa  f&p  essseS  jsSasc 
ttsa  stego  ©3  «J»  f©ct4fi®aS8aa  wa  ao  weT 
m  the  efeseaet©  vstesa  si  vsiteje,  omci, 
aM  s«Me1s2£8  ^»t®rate3SSa^!8rcl!HgelEse3=> 
t®sla44e. 

A  d-e  wSlage-ctOTes?  msssoreKaoit  gives 
csiy  a  Alsgte  vsferef  reslstaaeQ,.  T®©  r£tS~ 
calif  ^fiUarcast  ealto  saigM  anally  fee®  eras 
oma  goto!  ea  Sfe*ls,POlt£(p}-ett?Ear5  ep.fMaift, 

FSaally,  fcsStleS  tssBag  e2  a  reatMtos”  em 
glv#  e©  iafommtica  ca  Sts  M©  asgaetoey, 
etess  c®  nsssh  <MpmdB  tsjsoa  ths  method  c2 
maenfsetoro,  tfc#  <^5HdSn.g  ©BfircasEieEJ  esd 
tampesraSare,  eruty  eyels*  sal  c&sj?  fastens. 

Q;bf.rt  T&sL  Tbs  ctepiajt  fcsc&  SSssft  esa 
Isa  tatido  is  feo  tfsiemlEo  If  ifeo  v-siMflos 
dalivere  St©  rated  d-e  voSSnpa  to  n  load  wJisa 
It  is  supplied  wish  rated  a-c  inpst.  TMb 
type  si  circuit  Ss  stoca  to  Fig.  1-3S.  Tfca 
input  vcltage  3b  eajnrfsei  to  tho  yatad  value 
cad  S  Is  fidjsiEted  G&til  y^Sed  «aare@st  Slmq, 
vtmxspea  tho  ©t^  veitege  Is  cesactsreti 

A-C  Teato.  So-esMod  dyramic  o?  a-c  tsi^s 
feavo  ecwer«r adrastags*  enser  d-c  tests;  ems? 
effects  (charg®  <d  'rcslctaaeo  ciijificg  tesij 
fti-a  less  prosocaced  to  rectifiers  with  s-e 
appltod  volts  go*,  &e  reared  poTrar  cspplioa 
era  rcc?o  -.  radlly  iiTOilubto  or  emsia?  to  cos- 
clmci,  ard  a~c  testa  giv©  s  tetter  pictaro 
oi  the  actual  performaDC©  el  the  rectifier 
cartes-  ectojl  opsratlsg  ccordlloas. 

Forward  Voltage  I>i-op..  A  simp's  method 
cJ  Qsevj.earicg  tba  forward  voltaga  dr op  Is 


RactlSsr 

ticdST 


Fig.  1-23.  Cimpls  circv’S  for  d-c  power 

Oidpva. 


ataiia  to  Hg.  1-24.  Tfee  lrssasite.®Qs?s  sJjgaM 
to®}  lew  Masas!  tapsdaaea  eeiagaiEal  fe 
tfca  miBiBsas  snsefflfier  seciGtoEco  to  i»eS&> 
taii-i  'issvsfCTs^  dtstcrsitaa  a®  low  ns  sjoesil&la. 
Either  s  fessli-pnv®  t-cciMyiisg  type-  c 1  iastok- 
ie«s&  galltefeS  fea*  patestlsig  dlroet  eurvie&'i 
os’  a  v&oesej  tebs  valfeaetej  m  chawn  to 
Fig,  to  'fteemtHisoilcd. 

Rovers®  Ctaarfisit,  A  gtogsto  ravGras-curraei 
teat  dmi It  to  sacewa  ia  Fig.  I-SS  whaxt) 
two  rectifiers  ar® .  wsaEGcted  bat*  So  ba.sk., 
Sb  tMa  ease,,  (&s  roveres  Ooakag*)  current 
!e  the  ras  earreni  ecatrUmied  .by  belli  rws- 
ilfiers,  at:'!  too  lodicsied  enrreai  will  fcc- 
a  eomijcsitc'  ®I  tb®  two.  Therufcs®,  tbe  rec¬ 
tifier  baing  tooted  migM  toot  good  or  fcai 
dejpsadiEg  rpsa  .the  "bs»c>tog’J  rsctiSss. 

B-C  Motor  feet,  A  sstap  which  vms  3-e 
m WTris  6«<3i51ialy  in  Rhev/< i  to  ’  Fig.  5.-S3. 
Tbs  taot  <m5tsg3  provided  to  oscefittodly  sUu 
mvfi  1b  fens.  Rosiator  B  Improves  tbs  wave¬ 
form.  Tisa  fetesdar  c mresA  through  R  skwilc] 
bo  at  leflEl  fctoo  tiio  «aj»cted  rovorco  euwxni. 
Tfco  voltmeter  Indicates  ti»o  average  of  Sho 
half  gifts  wave  ef  voltage  applied  to  tho  recti¬ 
fier  imdar  tact  The  poatt  voltago,  tberefora, 
ts  tfe©  volteeisa*  reading  divided  by  4013. 

Coaibinaitsa  Toot  Cl rcnit.  The  c  1  real t  showa 
1»  Fig.  i~5?  par  salts  reading*)  oi  forward  volt¬ 
age  drop,  re-TOrs 3Q  current,  toad  voltage,  and 
load  correct  Eider  actual.  s-pe  rating  conditions. 
Tha  proc©d»5»  to  as  follows:  With  SW3.  opsa 
and  SW2  clawed,  determine  Si  correct  load 
voltaga  and  current  ojdet  to  ©o,  cioso  SST L 


Fig.  1-31.  irbneard  ■Foltivpr  drop  dynamic 
tost  (A)  Basic  circuit  (B)  t'olug  a  half- 
viivs  recruiter.  (C)  Ualr^  a  vacuum -Juts 
voltmeter. 


to  V3  mala  semv  toa  rectifier  under  tas2 
to  eborted.  If  A1  reads  Eero,  too  reeUfioi? 
to  open.  M  &frmn 5  voltage  drop  oxlote,  opm 
BWS  and  read  rsvars©  ctunraat  *  A  high » ssasl- 
tiolty  lust sT3S5®2t  Great  be  uerj. 

SSLSMUtH  RBCflfSXB  SPSOHCATI©2fS 

BgSL°R~HQ§M  " 

Tta  solcaJaia  rectMtore  eovorod  bv  ti£o 
«b#  coordinates!  ujiMtary  6f®dflestlca  (EfflS»» 
B»il05S)A5f  are  fetsa&wl  istouorlly  for  rs® 
to  a-*c  pswor  maHllcatloa.  Titey  are  ueS 
designed  ta  feeeess  tetrlssle  clmdt  cwa-. 
poaeats  too-  laslarica  ia  magostic  amplifiers 
®r  Mockiifg  GU’cttto  esbI®*®  Rdditioafil  roqtAr^ 
aatate  are  eiJ&etQedL 

^ol$ag8f  Curror^  nad  giowor  Ratlngg.  Tfc 
spicIfic.iFica  5>va«3  imIIFlravI^ccSS[nuc4i3 
d-c  current  outvatla  *sl  from  6.100  (ftalf-@srs«e} 
to  S.8J0  amp  (teidge)  at  aa  asnblent 
stir?  oi  25  C  ~A\h  &  fesiadvo  load.  Tks 
tatodmum  nmibsr  (£  cells  psmlttod  to  hssx&la 
4M/,.  9.5  carp  load  3®  S5L  Voltage  ratings  too®! 


°Ttc  Krrorul  .‘cisi-s  for  tcrsilRg  rectlflars>  cSe- 
(Ms-ibcd  sbovs  ara  takes  from  ti)«  &5ctglllc  RcctifSev 
Slsmial,  Bradisy  Lslxjj-sics'iea, 

tPuhlicattoa  datod  S3  Jene  1855.  There  era  e!e-3 
R«cltleaiici:i  Sfcecto.  ITtvao  *hs$is  give  dlavaceicsi®, 
pre'crirxi  voiUgss  ;sv,rt  car  runt  ratings.  Prcfscred 
Paris  Hat,  slated  80  April  195®,  teclwfc#  ttoS 
fiscrafL^  t>'5-s®  oa!y. 
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Fig.  1-8?.  Ctasablnatioa  tact  circuit  ter  833 
water  acteal  operating  conditloes. 


18  to  <500  wlto  are  covered!  by  tfelo  epsci- 
ficatic-’  Fte^ar  ratings  range  from  1.4  yrastt" 
to  ovtjt  108  waits,  with  the  cumber  ©I  cells 
running  as  high  sis  40,  depen®ss^  «a  lb® 
cosUbuoms  power  output  rating.  Tfee  e4sc& 
lengths  si  Shss®  units  range  Orsm  11/1© 
to  7  -@/10  trachea^  plat©  areas  from  1,1  t© 
80.0  m  la.  Preferred  alnglo-pbsso  ctylen 
are  half-vase,  bridge  and  center-taxied  with 
atv.d  m<Rf?tisg.  Ail  rectifiers  procorod  to 
HtL-R-HOSSA  requirements  are  vdtagy  and 
current  derated  above  55  C;  at  aa  ajgbiord 
of  83  C  these  mite  are  voltage  derated  to 
80  percent  at  *»ro  current.  Circuits  are 
given  in  tfc®  opscifleaiicii  for  testicg  recti¬ 
fier®  for  toward  voltage  drop  ;vtd  reveres 
currant. 

Typo  Designation  System.  R8  19  B  ICS 
iiSliria  s"lyplcal  rectifier  designation. 
Pooitivo  terminals  are  color-codad  red;  nega¬ 
tive  terminal®  are  coded  blade,  mi  neutral 
(common)  terminals  are  coded  yellow. 

"R3”  {daaBfles  fisa  item  as  a  Rectifier, 
Eeleoirsna. 

The  number  ‘"'IQ’'1  id  on  title  3  tfea  cell  giso. 
The  various  elses  aro  listed  bale®'. 


Col!  sire  (te.) 

1.0  by  2.0 
1.25  by  i.S5 
5.0  by  2.S 
2.2  by  21! 

3  fey  3 
3  by  <8 
«  by3 
5  by  S 


ft®  latter  "l”  ifetifteo  the  ’ssintiag 
taffies!  a K  a  bo.it  End  "3"  aa  a  &rA. 

ms  imaaber  "10 0”  Meatflies  the  stonsinal 
©saBosus  4-s  ©stpul  <3®Mag9  rating  unite®' 
Si  regtottoa  os*  indnetto®  load  (battery  ©r 
esjisSSSv®  loads  tire  S8  peresnt  less)  at 
68  C  arabienL  The  firrit  two  digit®  reprs- 
steal  cignMcaiiv.  figure®,  and  the  third  digit 
deaetes  the  numbs?  c i  staroo  to  follow. 


Tfcs  letters  '’'lid"’ 
SgsraSliQa,  Tfir-3  table 
£>®S®Sf!& 


r  tb»  ee»- 

listo  the  various. 


j  Ajabsl 

Circuit  j 

m 

Singlv-pksa.-a,  fealf-tfavs  I 

cs 

gingSe^dsfisa,  ceat®r-tftp  | 

!  m 

Single-p^o,  teldgt  , 

m 

Singl«Hstssso,  I'oSisge  dJiublw  ; 

Wi 

Tiu'sje-gbiaa,  half-wave  j 

c? 

Th.rs®^>fe&S9,  conte?" -lap  j 

|  ws 

Thrsv-phass,  ferldgs?  | 

Ho  easnerals  '141"  tdautify  tbs  no-iniaaS 
emSBsxsem  d»c  output  earresi  rating  m&w 
rs-^ei tvs  load  st  65  C  ambient  temperature. 
Hu  first  two  digits  represent  significant 
Bgaras  la  mllll  amperes,  and  t*>.>  last  mgii 

atss  the  number  of  seise®  to  follow.. 

Electrical  and  Bnviroataentel  Regulmnentei. 
Tta  detailieS  operating  requlriwneiSi'  of  ME-- 
R-11050A  are  given  feeler?.  Tness  req&rs- 
aaaris,  unleae  ctliorsd.ss  si^cified,  are  based 
e-3  S3  ambient  tecapsrature  oi  25  C  (V10,  -5), 
89  percent  maximum  IrarnidUy,  asa  level 
stir  pmmn-e  (28  to  $2  Inches  of  mercury). 
Sin?  icso  erf  80-JvycJe  sdiernatiag  camssfi 
with  tijo  total  b.arssKSde  distortioa  act  to 
®x£®s-d  7  percent 

Forward  Voltage  Drape  T7w  forward  voltage 
dres  gltaJi  not  be  greater  ths.ii  that  »p-ac.!jie(i 
Sca’tfea  individual  rectifier  (eee  SSL-R-i  105C/ 
S-S)  alter  6  *  1/2  minutes  o-i  oparatlta  at 
rctsd  current  in  a  craitabla  circuit  &a  ffitown 
oa  psgos  .12  and  3.3  al  tbs  specification,  a 
to  ap^rtadioatoly  i  veils  maxim u.m  per  cell. 

Ksvorss  Current.  The  test  require roonis 
ars  tte  ssunci  aa  tor  torwai'd  voltage  ilroj;- 
bSssimiHB  reverse  cturreat  allowed  in  sp- 
psmlfaatoly  1/20  cl  the  rated  forward  cur- 
real 

Dielectric  Strength.  ‘n>3  roctiflor  shall  with- 
eta&S,  witbeut  arcing,  damage,  or  breakdoca, 
a  Ux£.  potential  (ehown  heior/)  for  1  mimrto 


~  '*  V*  ^  •  ' 


wt^v-X^w>r  J'  '-v 


■  r-<-T-  yr*v'  ki**-^*'*p**v* 


.  o  o  -■• .  * 

>  -WS  ,yV  v.V.v 


i.’>i,'i  i^a3s  totor  Cg.x. 


ag#lis$  &3fc7Q9£s  cSl  surreal  earryteg  gasto 
©wiaseted  Icgefe?  gad  to  raeisBiiag  mesa- 
iters.  Tha  voltaga  shall  fee  allied  f-4  a  rate 
to  acS  ©ver  109  volts  ms  pa?  esesffiC 


iiAS  smo  v@Ste®D 
[  (Gate# 

T6e3  «?Es  | 

(gees) 

j  89  ©s-  leao 

ovor  ^0  to  @3 
j  svor  80 

ess 

ess 

1000  jf&3  2  SiGjea  | 

tho  a-e  ratfe-vj  3 

(last  Bui  sttoro  j 

Utsa  21M}©  voltes) 

SsssslsMoai  resistance.  Snsalatim  Eoslsteas 
e&sli  mat  'tea  teas  than  ISO  megohms  bsiwssa 
all  current  carrying  parts  and  ths  mpimting 
saoBJ&sre  whan  messisred  wMh  a  SSO-wJi 
tesaMica  taster, 

3Uw/-T©Eap9ratero  Sspocu-fs.  Ths  iarmsti 
mliagQ  dr-op  shall  n&t  etengo  ssssr©  tfea  § 
percent  from  the  initial  MoajfRirsd  ©alts©  (tow), 
and  tore  shall  be  no  pealing  o$  i&a  protective? 
finish  'ftkm  the  rcci lfler  is  ©Hpa.vsd  to  -85  © 
(+0,  »8)  for  2  hour's,  and  Urn  at  stssna 
issagsr&ture  for  4  hom'a, 

A^7~T»Hsparaiura  Oparstioa.  The  fam/tisvl 
voltage  drop  at  -S5  €  (+0,  -3)  sSinlt&ctcfo&'isga 
snora  (than  108  percent  iroia  fho  few,  f.sS 
tiw  reverse  currant  shall  not  osseecd  2  Uasss 
tha  specified  valtto  alter  tha  reefifior  is 
exposed  to  “55  €  {-■,(),  -3)  for  3  tears  (1 
how  Eonopsrsiion  followed  by  3  tarns  <M 
operation  si  rated  current  and  raiisgo). 

Blgh-TeaiperatMro  Ops  ratios.  The  rerorss 
eeriest  at  70  G  (+0,  -3)  shall  sot  sjseeod 
?.  times  to  specified  value  after  tfca  rec¬ 
tifier  is  operated  ct  00  percent  of  rate-3 
input  voltage  and  50  percent  of  rated  out¬ 
put  current  into  a  reeiotive  load  for  4  hours 
at  an  ambient  temperature  ef  70  C  &Q,  -3)„ 

Lilo  Tost,  The  forward  voltage  drogf  eSssE 
not  exceed  the  specified  value  after  tho  firct 
hour  of  operation  undar  rated  curront  and 
vdiags  into  a  resistive  load  at  an  a.mbiest 
of  55  C  (+0,  -3)-  Tho  forward  voltage  drop 
attar  3000  hours  c-f  oporatlo-n  shall  not  change 
mov;  than  100  percent  from  tho  imv.  Meas¬ 
urements  takon  at  tho  end  of  each  euccossiv© 
260  hours  during  the  toot  shall  show  ths  aver¬ 
age  rate  of  change  of  tho  forward  voltage 
drop  during  the  last  500  hours  to  have  bean 
equal  to  or  loss  than  ths  average  rate  eS 
clangs  during  tha  firs?.  2500  hours. 

Mdgtnro  Resistance.  When  tested  p or  MIL- 
STD  202,  Method  100,  tho  forrnird  voltage  drop 


gMS  mt  efcsaga  maw  tea  §®  gioFfiOEt  fj?e:a 
tfc®  Sew,  Tha  sremvga  ewrrmi  shall  Eel  o 
ese-d  two  Sims©  tha'  spsdifSsd  vs3m  “rte 
taesla&Sssa  raelstasi®©  stall  ssot  fea  less  $®® 
2-9  sisgotos,  s®3  tStaro  efeSS  fep  e®  dieksstSto 
fesssfe3ssa> 

•  (Sjsifresica.  Wtea  teel©#  p®r  g©§„ 

Method  101,  Test  B,  the  fcivssd  wifcgo  <Ss®$ 
sssd  S&s  reveres  eamsst  {Ssaffl  esS  efeasige 
saoro  ©sea  0  psreont  ire®  to  Ssw„  Tfear© 
shall  i>©  m  dieleetrie  hrsslttec®  asd  e© 
psaltag  tit  tSts  grsttjsSlv©  iMsSa. 

Msc&aaical  £&ai&.  W&sa  teeteS  par  B-ffiL® 
S-80S,  Hgaro  @E,  Test  G,  to  forward  voltag© 
and  revergs  current  shall  mt.  chaag© 
f.33  ore  Ihas  §  percent  foom  Use  Iesv,  and  tor® 
shall  fes  no  diietoctoie  fei«atoi®i?a5 

WfesTstieca.  Whea  teetsd  p&r  WBirMTS)  g0§, 
r.1eihcd  201,  for  1  festir  ia  each  @S  tlarea 
raRfoaJly  gerpessdimlajr  directions,  to  for- 
Wrird  vcltago  drop  ss-d  nweyss  czstsM  shall 
E-st  sSsaisgs  moTe  than  §  fresa  tfes  tov. 

TIsara  shall  ba  sso  tMelceirle  teseMhtsa  as!4 
e®  imssn303  of  parts  or  ©tor  BjcekosScal 

Yisla  Is  a  filgaal  '"'wgja  ep&dlSeafelsss.,  fetcsS 
@  ^sasasy  S0S0,  rMcn  covers  Mgfe-t@mp3r° 
atura  e-alairfais  rectifiers,  with  omanU&Hj  ths 
earns  infomati<®  tstid  reiiuireraostfl  m  WL- 
R~  11050 A.  Coll  etoo  decignatiosjs  differ  froas 
tits  coordiERfed  specification  m  efeowa  to 
Tablo  1-S  and  jaasimvm  penaieclblo  vtmtsa 
asst&Aa  a re  siatsd, 

MSL-E-18g8i  (Navy) 

This  apocifieailon,  dated  18  Seconder  1054, 
covers  eolonlum,  coppor  oschte,  and  ©agstos- 
ium -copper  sulfide  rsctlficrs  for  naval  ship- 


Ma  1.3— Bate  Pro as  SSa-R-14S3^S^£), 
Bated  6  -Jar, nary  1SS3 
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bcanS  m®>  Tim  rectifiers  tcasi  fcs  S© 

separate  saiisfeetsrtfy  3a  m  asaibJesS  £„  "pcs’" 
atere  cl  §0  C,  wittesteed  a  diciecMe  ets@agl&i 
test  of  MO  voMe  um  e,  asd  mast  hsvo  m  to- 
sttlafciicsa  saciutaae®  acJ  less  tea  It  aaefsteas 
aamsec  each  stecsfit;  &e«3  2resa  <*££&  a&tcsM 
te  gmmfi  e&  f *8fianS  cgordiEf  ?srag!3JTi»s®, 

Ulrica!  m4f^lTsmamU&R&^3ism!,'^s, 
Oisfies’  tMs  fijjcds£csacs5  the  r&Tas^sa&alsiF  ' 
Jamssrd  ^©itaga  drop,  reverse  cawsst;,  S3a$ 
agataj  sate  lead  ar®  as  Mlaassi 

Forward  ttoKaga  Bjw»  aad  lever®®  GwtvsL 
Tim  initial  average  forward  voltag.3  fire® 
and  average  rovers®  currmt  to  a  59  <£  sshM» 
enf  eSsaH  be  exjuaJ  to  m  tea*  tfcws  5feo  issi&si 
«*ln®  indicated  in  Fig,  1-28,  wit&  Kited  k;4 
and  voltage  te-  cocveetisva  ccailsg.  (?«r  ea- 
asapto,  a  estonhua  reettflar  slack  wiiS  as 
average  forward  vcJteg®  drs^  r//  'I  perceM 
<al  t&3  rate  yoltog®  rating  smM  ast  ltzw 
m  average  raroyss  currosst  @1  ekj®»  tfoss 
4  s»ifCCEi  si  tto  &mr&go  esarswni  8Tsiisg.$ 

Silo  Fesfomafics.  Alter  fipareflsa  for  SOW 
bears  el  rated  tad  and  voltage  to  a  S3  C 
aasbient,  tfeo  average  forward  voJtag©  <5r^» 
sad  ovorog «  rwor, ea  eumast  *5sai!  fes  @qeal 
to  or  teas  itea  tfe*  ?»<;©$  vsliis  jig&eated 
in  Hg.  1-33,  wiih  rated  load  «b{5  voltage 
for  esmwiiSE?  cooBjig.  (For  casasapi®,  If  th© 
eetefri  hjh  necflfioff  e-tack  taxier  tost  tecreassd 
1b  average  forward  voltaga  drop  to  3  gerseal 
a£  the  STM  voltage  rating,  teas  tfes  average 


FORWARD  CURRENT  RATING 

Fig.  S-S9l  fo-n-rart}  poltega  dreu  tra.  nm?rsB? 
curr«?c5  roquircBteats  for  ooicniini  nsefiftir* 
mr  Mllr-Jl- 1  (:(301  (K-nyi. 


T«W*  l~4U»Sd«Blttfia  ReeStficr  Ctese-M 
pgg  ms  m 


jisrcassS  te*  avarage  serroni  iraiing.? 
TSia  tecraase  ef  fits  forward  voStags  sSsoop 
*atog  tFa  IskS  5&3  katr®  ef  ogoratica  sJalK 
act  es.es sd  3  percent  of  tls®  initial  vala® 
ae^l  4hs  iacremtaia!  rats  €&  ckssage  si  JjeSfe 
iks  forward  wattage  drop  astd  rover®* 
rest  shall  tss  encii  as  to  Sadicsta  tfeat  ibo 
rectifier  eiaefe  Es  appimcMag  a  stable 
sitep  ckaii^cteri^to.  f&e  eperattog  character 
is  ilea  &  eop per  cacMa  sad  sas^jeflluiia-cc^oj? 
txMisl'd  rectifier*  are  showa  to  Fig®.  1"2©  aesO 
1-3®  lor  eoE^Msybeoa  ipsrpc.3ea 

m  t  m 

MS  711,  jM«*2  IS  IStarcCa  S0S8?  Se  *  ®^£>e3“ 
tSesiloa  ®i  ttts  SSatioaal  Alserafi  Stealasda 
Cesassittea  ifer  ©s-Jcsdijra  rectifier®  tor  asa 
to  sasgBffitlc  -2G0  cp*.  Esetifioro 

ar®  groopod  feto  tear  classos  escortUisg  to 
tte»  aasbtojat  sea  levol  teraaoreiiisw  ss asge 
sad  two  granSes  fiecordinf  to  tlsalr 
to  withstood  snvtmissentat  coadlttst'e 

ati  afeowB  Is  jPeble  1-4.  Grsde  2  irectiftoi’D 
sjera»  operate  ^tttmfadearUtf  fit  &3,ffO0  ft  aitl° 
teste,  -55  C,  as  '«pell  as  witlsstasd  htuBidUji' 
eed  salt  spaj  tests.  Grade  2  rectifiers 
•etl  operate  ssdislRctorlly  wteis  pretested 
few*  tbsaa  C0H^itoB% 

TMs  spedScFiUaa  jxmteln®  oseM  ctecE^s 
ge4  recti kss  Um  wmsirtog  wllsier  dbasrwe- 
toststica. 

GBRMAWIOM  AKD  SSLKICWf  KSCfJFtE'Sg 

Althongb  mrdfe  ci  'stiat  has  aj^rsared  earlier 
to  this  clsapteir  applies  to  tfce  nsunr  gojal- 
ec^dacfor  recttO-srs  a*  ■Bell,  tito  latter  are 
csmsiclaH'ad  ss  estiroly  dicilccS  devices, 

GBNBHA1,  CaAJUCTgRlfiTICS 

Mectrical 

Tha  ncmiineas'  cofuhtctlc®  cfuu’acterlctics 
otf  a  (jomianiujs  rectifier  can  be  esprecaed 
BaaUsoinaiically  hf  the  followlBg  equatica; 

J  «  A(s !5V-  1)  (1) 
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tshosw  3 *  snsmat  dens My  tSsressssS  ifec= 

tifying  juactioo,  wap  g©?  eg  fe, 

?  *  applied  wMage  across  $fes  leasgtloQ 

^positive  for  forw*ss3  egs^EStJsBp 

aegatiro  fa?  ravcrsc’. 

ii  i  ;Jt  3  *■  tejaperstar®  Sepewdfeti  ©fsSfei  ®si e. 

AS  &ajC3s  teaspemsiw  B  baa  a  vsfes  feoteeee 
39  to  46  volf»_s  and  A  hu  a  water?  bsto3®n 

0.9CE  fo  0.01  amp  per  eg  era,  Tk®  ec«£f» 
tctei;  vs.ii.Qa  os poeesstially  wife  tmpsrato’a, 
there  being  approximately  toa-Mi  tesreaaa 
la  A  far  every  SO  C  lacrosse  ia  «S3^saton». 
©  varies  laverrsly  as  abaolute  j^settoa  fem» 
pereSas*. 
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)>lj.  S-SS.  Ftorward  voltage  drop  re,  roves*} 
correct  requlrosaonts  So?  roagBSeiuiB  soppe? 
salfide  rectifier. 


PERCENT  OF  AVERAGE 
FORWARD  CURRENT  RATING 


FSg.  i-SJ.  Forward  voltage  deep  vs.  rsvarso 
cur  red  requirement*  for  copper  esKo  s-ccii- 
flora,'. 


For  ©sample,  tha  forward  woBsgpo  drop  o£ 
a  typical  germanium  rectifier  ti  «C0  C  is 
abend  SO  pa meant  greater  thar*  s&  roara  tosu- 
porstee,  and  ai  75  C  ie  afcost  10  percent 
lower  than  at  room  tomperafesre.  (Sos  Tig. 
I- 314 


Equation  (1)  holds  accurately  at  few-levcls 
of  forward  voltage  or  reverse  current,  With 
suitable  restrictions,  discussed  below,  it  can 
be  used  throughout  the  working  range  of  fe* 
rectifier’s  characteristic*. 

Since  the  coefficient  B  is  jraiatJwaiy  large, 
for  negative  applied  voltage*  gEester  thm  a 


£®w  tooths  of  a  volt,  fee  expaaeEtl&l  tom 
becomes  gsnaH  compares!  to  poity  aad  fes 
reverse  eorrent  density  betimes  taSepeaSM 
of  voltage  tod  equal  to  the  coastast  A.  Teds 
milt  ago  -  indepen  imA  revaree  ctimnsJ  la  kacua 
m  the  reverts  saturatt©®  cis7ra&> 


The  reverse  current,  tS-jerefara,  varies  cs- 
ponuntlnily  and  rapidity  with  Janettes  tem¬ 
perature.  Tito  rapid  insrssos  is  etamasi  wife 
temperature  results  la  a  rigid  teaparate© 
limitation  for  tbs  application  cl  a  gorjamlwia 
rectifier.  SquaiifSi  (1),  which  pmficto  fe§ 
revorn o  caturaSioji  clssractartetic,  doss  not 
Include  leakage  current®  which  eksai  tfes 
Jiasctlen  or  breakdown  currents  which  urey 
flow  at  high  reverse  fields.  Thus,  the  equation 
is  restricted  to  low  level  unleso  ihmz  ).m&- 
fge  effect*  are  considered  *a parately. 

With  forward  voltage  applied  to  tho  jmictiOB, 
ton  exponential  term  to  Eq.  (1)  bocontes  large 
comparad  to  unity;  hence,  tlso  fos'wa.rd  curronl 
varies  espoacntially  with  applied  voltage.  This 
clisractorietic  has  such  a  stoop  sdope  that  tfea 
fotrward  droji)  cd  a  gtrmaniuEj  rectifier  esa 
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JUNCTION  TEMPERATURE,  OEG  C 


Fig.  1  -SI.  Fbcssard  drop  piotisd  ss  n  tonr'Uoa 
of  Junction  fcuros  temporttur®  for  a  10-arap 
germanium  po'vor  rectUisc. 
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m  approximated  as  a  eo&staat  0=4  to  0=8 
volt  over  its  practical  operating  range  i£ 
surreal*.  Squattcsn  (1)  does  not  correlate 
wo"'1,  with  experimental  data  at  Mgfe-eurren£ 
heec*  IS  most  be  retftrictod  to 
low  cnrrent  levels.  An  ompdricai  modlfieatSoE 

J3q.  'I.)  la  which  ct  appsreni  racistaaco  lc 
cocsidered  in  series  with  the  junction  will 
give  a  matheiiti'iiciil  eispreesica  for  the  diode 
characteristic  throughout  its  ueeM  working 
saega. 

la  theory,  silicon  rectifiers  should  also 
follow  Eq.  (1).  The  principal  difference  is  in 
the  value  of  the  constant  A,  which  is  smaller 
6y  a  factor  of  1©"* .  The  constant  B  remains; 
onchangrxL  In  practice,  the  low  value  of  A 
means  that  revuese  leakage  effects  almost 
always  predominate  over  the  saturation  cur- 
reut,  sad  Bq.  Cl)  is  thus  of  little  uael® 
predicting  the  rev arse  characteristic  at  imrar 
toinparaturos.  In  the  forward  direction,  the 
SI  characteristic  for  silicon  Is  oaj'onontirl, 
as  it  is  for  germanium.  The  dlfferances  in  A 
for  gomfinhmsi  ar.sS  silicon  result  in  a  higher 
forward  drop  for  silicon.  For  germanium  asd 
silicon  rectifiers  of  comparable  geometry,, 
the  forward  drop  of  the  eilicon  rectifier  at  a 
given  current  will  ba  about  0.5  volt  higher  than 
tha  germanium  rectifier  drop. 

Types  of  Junction  F&bricgtloo 

BUicca  power- supply  rectifiers  are  avsil- 
sbls  utilizing  any  of  three  different  pr<x'<-> «*ea: 
alloy  junctions,  diffused  Junctions,  and  grown 
or  segregated  Junctions.  Germanium  recti- 
flero  are  rtuido  only  by  dm  alloy  proces*  at 
preAT^t 

Alloy  Junction.  Alloy  junctiono  are  n»raJ~  fey 
fusing  a  metal  with  appropriate  impurity 
properties  cato  one  surface  of  a  semicon¬ 
ductor  having  e  conductivity  type  (n  or  p  typo) 
opposite  to  that  produced  by  the  impurity 
metal.  The  ssetai  alloys  with  tha  impurity 


Original  semiconductor,  n-typa 


Ft*.  I  SS-  Ktwavata  a?  p-»  Junction. 


0.041 

±0.00# 


Fig.  1-S3.  Small  coaxial  lead  nMX*r.ted  paefe- 
age,  Tills  package  ia  soldered  directly  into  the 
circuit  Boat  dissipation  5a  by  fr*«  coavectisa 
and  "dlation.  It  is  uead  tor  germanium  raeti- 
fiero  of  current  ratings  of  about  0.35  imp  fit 
55  C  or  tor  silicon  rectifiers  of  currant  ratings 
to  0.25  snip  at  150  C.  {Geaeral  .viectric  Co.} 

antliT  upon  cooling,  the  semiconductor  regrws 
at  tha  undisturbed  Interface.  This  rogrowa 
semiconductor  contains  impurity  atoms  of  tte 
metal  which  convert  it  to  tho  oppeijit*  type 
from  tin?  original  eemiconductor.  Thus  a  p-n  - 
juction  le  formed  si  the  interface  betceea 
tiie  regrown  and  the  undisturbed  semiconduc- 
tor.  This  structure  ia  eh own  in  Fig,  1-3&  „ 

Germanium  alloy  rectifiers  aro  coavsntioe- 
ally  naado  by  alloying  indium  into  g-type  ger¬ 
manium;  silicon  rectifiers  aro  usually  made 
by  alloying  aluminum  or  aluminum  alloys 
Into  n-typa  silicon.  The  use  of  Indians  fas’ 
germanium  junctions  imposes  a  relatively 
lot?  storage -tempo raters  limitation  since  the 
melting  point  at  the  Umctlca  ainseturi)  is 
+156  C. 

Alloy  Junction  structures  hayo  tha  advantage 
of  being  easily  fabricated.  Their  chief  dis¬ 
advantage  la  that  the  Junction  may  be  under 
mochanlcal  otresa  because  of  difforortM 
tbormal  expansion  otf  the  metal  and  semi¬ 
conductor.  Tills  problem  la  not  severe  to 
germanium  because  of  the  ductility  oa  the 
indium  alley,  but  la  most  largs-arsa  sdlicoa 
rectifiers  it  is  accessary  to  back  up  the 
aluminum  alloy  with  swine  material  such  an 
Biolybdoeum,  which  matches  tte  expansion 
coefficient  of  silicon.  This  design  results  ia 
a  sandwich  structure  for  the  Junction. 
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SM&Vggfl  Jdasttea.  Sra  this  process,  Imparity 
■steso  are  caused 'at  temperatures  ness- tbs 
sssMing  point  of  dliesa  fate  a  ciUeoE  tyafes? 
whose  coaductMty  ^ps  is  opposite  to  that 
®£  fea  Imparity  assd  is  TJMo  eel«S» 

stote  dffustea  resnSSa  to  the  scavareleB  of  a 
sarfaes  layer  of  tiss  oiMcras  wafer  to  tfes 
opposite  ecadaetivito  type,  thus  forming  a 
fsaetica  witfcia  tha  srigiasl  slSieca  walor. 
Slecfcrieal  contacts  eas  b©  mads  to  the  eliicoa 
eisr&eas  by  any  of  a  wide  choice  of  sol  dors 
(?1bsq  tfeeos  eoMsro  have  ao  effect  on  forming 
the  Sanction.  The  rsgUm  of  tha  J,metio&  la  ao'i 
aischanically  distebsd. 

CSrca^m  Junction.  Ie  tMs  proeaas,  a  p-s 
Jjs&eSsa  is  produced  is  a  single  crystal  by 


DIMENSIONS  tti  INCHES 

Fig.  3 -S<.  Small  oaU  oa  fin.  Tint)  rscHfior  is 
fabricated  it?  mtxautteg  the  elpjiri  colic  <>a  § 
fis-  T?W  rattcg  Is  Increaexrd  bacnnse  of  tfe.3 
Jsspswed  hast  transfer.  "Hia  fias  may  bs  stacked 
So  s'  eortera  or  psrailoilis#  an  for  b  ispsclfic 
srjiiirecUfier  coadgnraitoa  such  at  a  bridge. 
SGcssral  Eioctric  Ox) 

vt&xyiag  th«  concentration  a?  imparity  atom® 
duricg  the  growth  proce&a.  TWe  is  eostly, 
tei  Jt  list  an  advantage  in  that  the  trsnaltioa 
£rcra  p  to  r*  typo  can  tea  msdo  gradually 
raihf.r  than  abruptly,  resulting  In  a  device 
wit’s  inherently  higher  rover  so  brenhdowB 
ckaractarietica. 


Ttos  basic  prohleas  in  tha  Usslps  at  thsso 
newer  power  rectifier®  is  ons  of  heat  trasafer. 
Tborefora,  the  chief  difference  In  low-  cad 
high-power  rectifiers  Is  one  of  pactega  do- 
sslgss.  The  procos s  of  jtmctioufomaiioadiflora 
little  for  low-  or  high- power  rectiiiare;  ihte 
caly  significast  variation  Is  tha  ju&ettoa  arm. 


DIMENSIONS  SKI  1MSHES 

Pig.  S-3&.  ILargo  coll  ea  slug!©  fbs.  aait 
in  rated  ot  up  to  ID  SEsgs  (gertaMvinsn).  Tbs 
fine  Easy  has  stacked.  ffeat  transfer  is  by 
rotlietta  awl  either  freo  or  forced  cc-jwesttoa. 
(Osaoral  Elestete  Ca.} 


Ufoasiples  of  fcypfe&  p.stoga  dseigas  into 
shown  to  Fig.  S»$3  tl msigh  i-S®. 

Ttematill  Stability 

Tha  voltage  drop  aerew;j  a  rectifier  while  tt 
is  coo-feting  causaa  Junction  Sleeting  In  pro¬ 
portion  to  tfes  product  e't  current,  find  voltage 
drop.  For  a  constant  load  om’rant,  this  for¬ 
ward  testing  decreae-os  slightly  a»  tha  Jucctioa 
tamparatBre  rises.  A  typical  variation  of 


5/1®.  1-33.  Plug-In  typo  rcctlfior.  (Tt>rS4S 
fc-Slnaaciit  Co.) 
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^Sietcl  ecte 
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^Slondord  taparsd 
thread  as  ©sod  m 
U4n  I.D.  pip® 

18  threads  per  Inch 
pleted  copper 


Fig.  l-Sk  SiKiJ-icaiajfcsd  csG.  ThieMgh-cummt 
eilicea  nsstillsr  Ss  *  sfcgle  cell  built  ou  n 
stud-type  host  jink.  1  is  **cd  1b  many  a  isos 
(or  oitieca  rectifier*  «4  rating*  from  0.5  to 
250  flsap.  BcaJ  tranofer  Is  by  coadustion  to  an 
sjrternaii  ksat  rink.  (Gtaersl  Electric  Co.) 


average  tewayd  heat  (Pf)  m  junction  Urn- 
poraiura  5 u  shown  in  Pig,  1-40. 

Hsattej  of  the  fiaacSSea  during  the  non¬ 
conducting.  blocking  ©r  reverse  part  o i  the 
crycla  is  ptroportioaa!  fa  this  product  a!  tbs 
inverse  wftege  anti  Use  rxevcs&e*  current  leak- 
age  throws  ifoe  Junettea.  Since  th«  reveres 
current  mviea  in  aa  apjsrcEdajatoly  exponential 
manner  with  iacreseiag  Jaaiion  temperature, 
tho  average)  heating  due  to  a  reverse  currant 
resulting  Srcai  a  fiaod  iwsarss  voltage  wave¬ 
shape  era  alrio  be  expected  to  vary  expo¬ 
nentially.  Curve  Pf  la  figure  1-40  deplete 
such  a  variation.  Curv-s  P,  repreeenta  total 
hosting,  Sfea  gam  oJ  forward  and  reverse  heat- 
tog. 
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V'lg.  l-sa.  C&rtridja-tft*  twriiR«r.  Thlk.  recti- 
tier  p®ctS3*a  corwUts  of  *  ceramic  cartridge 
similar  to  a  huso  cmrtrfc%a  vtiicli  contains  one 
or  irare  rectlXlsr  jitaettowj.  Tiss  package  In 
especially  Suited  (or  iScrira~cocr»cte!  cells 
to  fona  a  higb-roltsso  rectifier  ateeioMy. 
(Inlnrnstiosici  iisctlflsr  Ocasio} 

°  Xn  J*’  ■-■— cod  ailkssfi  li&a  nature,  the  to  rats 
‘reverse’'  rad  '‘i«jwjr*«”arwEsv®dicterciiarsg'e<'sbjy. 


Undei?  steady-cteS*  eceditiojss,  the  gaaura- 
tico  of  fesat  fit  the  Junction  duo  to  forsitoct 
current  wad  inverse  wastage  is  balanced  fey  tise 
flew  of  heat  ttasagfc  to®  cooling  eyetem.  This 
flow  cnases  a  tesafferalfara  rise  ©3  tit#  junction 
aboro  assbient  eijusd  So  tlsa  protect  th* 
power  and  the  ttartxgd'Ssagiedansecsf  the  cooling 
system.  Curve  P4  Sc  Fig.  1=40  illustrates 
this  esseafc.illy  Bbbxe'  variation  of  junctiOB 
temperature  riss  vem»  healing  power,  the 
junction  of.  the  mefifiss  cell  will  stabilise  at 
the  point  at  wMefo  tor  jstnjer  generation  cure* 
Pi  and  power  diesiptfion  curve  F&  intersect, 
that  is,  when  heat  dtoafjsatiea  exactly  balances 
heat  generation. 

Under  caasliticas  si»i^  that  tStece  two 
jscteristics  do  cot  ioae5fs3»ct,  the  Junction  tem¬ 
perature  cauEol  sS^siMse,  but  tocrowfas  to  a 
point  where  either  sasSiing  of  cell  snaterifils 
or  tharmal  strarsea  ean c®  call  failure.  Sixh 
tractable  os-  rona®^  cssaditicae  can  foe  cauued 
hj  volteg®  os-  cssrost  tsverloads,  restricted 
cooling,  ■cssessivo  as attest  tomperatoras,  or 
eisfcgrioi'atiia  of  t.fee  rsvorcs  blocking  e&ar- 
x.ctoriBtic  4ho  csdl  The  maximum  vertical 
overtop  AP  Cc?  curves  and  P2  ie  a  mmaurs 
el  the  rettntelity  si  a  particular  applicatica. 
To  secur»3  teiger  life  ffisqjectasscy,  AP  can  fe© 
lncs’cneod  fey  derstieg  valtage  and/or  cursmt 
pur  coll,  fey  imprests®  cooling,  m3  by  pro- 
vlding  lower  ainHcat  Oa^oretasee. 

Tlterroal  ronaway  cS  the  typa  dascrlfeed 
usually  requires  ftert  tomp«^aius*e  of  tiw 
Gsatir®  cell  emi  lie  aasesdatod  cooling  system 
“nn  away”  Sr cm  the  as&ld ni  teinpcratur®. 
Such  actioai  roijatowa  Site  lapao  of  many 
udautes  becsssce  c2  £S»  Ssrg;3  thermal  masses 
involved.  Ifcdor  uesy  eewtre  r  :srIosdto2,  bow- 
uv@r,  failure  may  ewcor  witton  a  matiar  o I 
cycles  a®  ilia  vary  Stools d  t'csruanl  capacity 
cf  tbs'  juasitca  s»lsafca2s  nllows  tise  June  ties 
to  rrs  at ray  fr."~i  tae  temporsisu’^  cf  tos 
coaling  EystejM. 

Mssimusa  Jmsettea  Tjsgggrgfnre 

When  ibensally  sts&S-s  ecn-diticsia  prevail, 
tfoa  maaisnuiu  inlcs-oal  eperating  temporal-arc 
oi  any  type  aS  rectiQsi?  coll  is  limited  to  the 
lowoat  malting  polsl  ffl  Sts  compononts.  How¬ 
ever,  il  long  life  sssfi  Wgb  reliability  are 
required  tauter  mstinEr^s-duty  operating  coa- 
ditic-ns,  the  teiuparsfaste  of  the  Junction  musS 
uoually  fea  limited  to  &  valu-3  sstiU  below  tb® 
minimum  saeliing  pabd  to  incur*  an  nmpl* 
safety  (actor  (or  nEat-rsl  voltage  and  currant 
traaei  \te  that  may  cccts"  to  service. 

‘Tte  tecitpereioro  at  ui3&di  »  Btiicon  or  gero 
mani.'sn  juBctloe  r&zj  ojnerato  caiiafactoiiiy 
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PSg.  5-30.  Plug-to  pseftr-g a  oJsaflas'  to  tsfeo  aa* 
vetoes.  This  paehag©  was  feaSgncd  tor  fcl«j3- 
wstltogo  Rllieca  grtren  jtmEfeaa  to  dlssetly  ye* 
jpasco  a  vaeavaa  tsr%a. 


dsfeado  also  to  a  great  estoi  os  Ito  4ssSga 
esd  fabrication.  SSg&  tesaparotares  pfraasta 
clssisslcal  ConteussinaUca  m  the  dolteato  sad 
njerio  surfaces  of  tea  juseflea,  I'MscfeoaiieaS 
activity  dstorioratsa  tfea  voltage  blocking 
®Mllty  cl  Ms®  a®c4Jfflei'  to  ito  petal  trhar® 
breakdown  or  tiwrml  reaawajr  orostsaBy 
eesvm 

l*sc  aiiasmtivoa,  or  a  eesiblnatioo  oi  both, 
eaa  pawtsci  tba  junction  Sm-m  tlsJs  paaslblMty. 
Ctea  S»  to  limit  function  temperature  to  sx'a 
a  has?  wine  that  cbsmieaJ  activity  So  redue-sd 
to  a  scgUgibl®  rate.  Tto  ©tfeor,  more  direct 
approach  le  to  oltarfnnt©  tbs  coniaminatteg 
foreign  agentg  from  p»-».itoo  eoatact  with  the 
JoNcSios.  ‘  "  le  can  fos  scccsnpliBhadbyoslreiaa 
car®  to  fabricatloe,  chsraicsl  or  electrolytic 
etclslog  of  the  jimetica,  asfl  rigorous  clomitr^ 
nroceesoo;  all  to  rid  the  device  of  initial 
coat-iEoinatioo,  and  finally,  «39  of  a  hermetic 
seal  to  keep  subsestBsat  environmental  cm- 

naslnaiioxi  away  from  the  janctlan  daring  the 
lifespan  at  the  calL  ReprododWlity  oi  thsoe 
tcclsdquss  la  oao  cl  tto  major  problems 
confaxroPng  the  manufacturer  a .  Careful  at¬ 
tention  to  those  cleanliness  factors  permits 
trotAlefi'v'O  operation  at  Jmactioe  tampsratares 
to  eocce-sa  ci  100  C  for  germanium  colls  a;ssl 
200  C  tor  ollicon  cells  p  .ovkdsdtheappUcatioa 
does  not  Introduce  the  possibility  of  thermal 
rmswsy. 


f®a &  Mmz-m  Vsifciga 

Mth&sigSi  oxeesding  lisa  FSV  rffl&isg  @t  * 
ciMesa  or  prmaaliun  call  fio®s  safe  irapay 
casteto  d28tr®2tiea  c2  Sfe®  cell,  ojjssweiiea  i& 
area  cna  load  to  reduced  KS@  $3uw& 
evaataal  thermal  runaway  or  voltage  batca's- 
<ilowa,  or  a  ctkahtaaiion  of  both. 

la  some  cells,  particularly  malS»ar@a  aiS- 
cca  device*,  the  reverse  ES  cJmraetorMSfi 
displays  a  redden  rap’d  incraass  to  reverse 
esarroat  whea  a  given  voltage  i*  ©sseodsd,  1* 
etSi©ir  calls,  notably  geiTnanlamandlarg»-ar@a 
Mlietss  davicae,  n  “  softer  ”  or  gradual  hiaa’s- 
down  to  the  reverse  claracterintie  occurs.  In 
eife&sr  ease,  this  lacrosse  to  revorso  current 
can  lead  to  ©Terhaattog,  excessive  e®K  «5> 
tcriomtica,  tm&  thermal  runaway,  particularly 
t?hsn  aggravated  by  such  Qxtornal  factors 
ss  cversnt  overloads  cmd  highar-iSian-ranssal 
asaiJieE'l  toaigemturea. 

Bsceusa  c2  tho  very  clos®  relatiec  c &  PW 
esd  suahUoni  temperature  on  the  psrslbiltSy  «S 
tfeormal  swaway,  partlcialarly  to  germaaiuss 
dsvlcefl,  the  ssaautoctursr  often  off®j?s  alter- 
note  ratiags  by  which  tho  ussr  can  tes&i  FiV 
fe?  Mghes*  of  sooilirig  temps rataroa  or  visa 
vmx&. 


afftCTIOPJ  TEMPERATURE 


Ply.  S-to.  iV*ai  valriHonc  Sa  JaactSca  restfilas' 
(f loti i  Proposed  Test  Co'-id  for  Matallle  Evjil- 
jftsra,  AISS  K©  £S>. 


ss 


Inductive  Load  Effects 


When  any  rectifier  supplies  m  irafecti vo 
load  from  a  highly  reactive  a~s  line,  sgsaclal 
protection  against  induced  woltagea  wMeSa  es» 
ceed  rated  PIT  may  be  necessary.  Under 
these  conditions,  the_r6ctifier  cell  commutates 
its  load  to  the  next  leg  very  suddenly.  A 
charge  of  current  carriers  ia  left  stranded 
in  the  bulk  semiconductor  material.  These 
carriers  (holes  in  n-type  bulk  material)  nor¬ 
mally  disappear  by  recombination  with  elec¬ 
trons  or  by  diffusion  out  of  the  semiconductor 
material.  However,  when  reveres  voltage  is 
applied  immediately  after  heavy  forward  cur¬ 
rent  conduction,  these  carrier  do  net  have 
time  to  recombine  and  diffuse  naturally,  but 
instead  are  swept  across  the  junction  into  the 
p-reglon,  resulting  in  a  current  limited  only 
by  source  impedance.  Until  the  carriers!  Save 
been  completely  swept  out  of  the  balk  semi¬ 
conductor,  the  resistance  of  the  coll  is  very 
low,  acting  almost  like  a  short  circati.  Within 
a  few  microseconds  after  ro versa  voltage 
has  been  applied,  tha  carriers  have  nil  fcsaa 
swept  out  and  the  ceil  recovers  abraplly.  Ro 
resistance  immediately  changes  fro®  a  fcrae- 
51  on  of  nn  ohm  to  thousands  of  chaje,  eatsing 
a  substantial  voltage  eurg-e  to  be  Induce;!  in 
the  lino  reactance.  Since  this  ie  a  cyclical 
occurrence,  it  is  important  to  protect  the  cells 
from  those  voltages  if  they  aro  escosslvo.  A 
small  amount  of  capacitance  iaetatisd  across 
tiie  d-c  output  terminals  of  the  rectifiers  in 
full-wave  circuits,  or  across  (ho  a-c  input 
terminals  of  half-wave  dreuato,  will  ussaliy 
dampen  tho  moot  vicious  volley  spikes  to 
values  within  rectifier  handling  capabdiltica. 
This  problem  appears  most  prevalent  is  rasg- 
netic  amplifier  applications  whoro  it  Is  Im¬ 
perative  that  reverse  current  be  kept  %a  a 
minimum. 

Surge  Conditions 

The  foregoing  discussion  ccocoracd  It  salt 
largely  with  silicon  amt  garsmiesa  cello 
operating  under  continuous-duty  eouditicua. 
The  rectltlor  cell,  however,  will  fmjosEtly 
be  subjected  to  intormtltcci  appticsfica  of 
additional  current  arid  voltage,  the  severity 
of  which  will  depend  on  the  application. 


Fortunately,  the  inherent  thermal  capsstity 
of  the  rectifier  coll  can  bo  utilised  to  good 
advantage  in  absorbing  tha  additional  heat 
generated  by  transient  overloads  of  curreuh 
For  transients  of  a  few  cycles,  tho  therm! 
capacity  of  tha  junction  it&sif  will  penati 
severe  overloading  before  It  reaches  ©xcesasir-a 
temperatures.  Manufacturers'  dais  as  thin 


type  of  duty  ie  available  ie  the  form  of  surge 
curves  or  overload  characteristics,  A  curve 
showing  allowable  surge  currant  for  a  tyjdeal 
rilicoa  rectiflar  la  shows  ia  Figure  1-41. 

Under  extremely  &igfc  eerrsats  tel  tha. 
rectifier  can  withstand  for  leas  than  oao  or 
two  cycles,  the  rectifier  acts  essentially  like 
a  reritrteaca.  Under  these  circumstances,  a 
maximum  safe  value  of  integrated  heating  as 
Si2!,  can  be  established  for  the  cell  from 
manufacturers’  data.  Since  fuse®  essentially 
display  this  same  constant  i2}.  characteristic, 
they  arc  a  hand}’  tool  for  protection.  For  colls 
that  are  subject  to  thermal  runaway,  tha 
maximum  allowable  iat  will  depend  upon  tbs 
inverse  voltage  impressed  on  the  cell  follow¬ 
ing  the  overload. 

The  continuous  PW  rating  of  a  all  (con  or 
garmanim cell  should  not  be  exceeded  ®vea 
tssdar  momentary  conditions,  unless  the  manu¬ 
facturer  specifies  a  separate  transient  EFT 
rating.  (See  Tables  1-8  and  1-6.) 

SLICON  AND  GERMANIUM  RJSCTIF13IE 
APPLICATION  CONSOmRATIONg 

Paait  Protection 

Fault  protection  requires  special  consider- 
cticn  In  designing  germanium  or  silicon  recti¬ 
fier  w  bscauBo  of  their  relatively  low  thermal 
capacity.  Most  manufacturers  supply  over¬ 
load  or  sur*,  •  characteristics  of  their  coils 
wfclch  show  current  handling  capacity  as  ft 
fecctioi!  of  time  for  short  duration  overloads. 
Any  protection  syotom  must  limit  fault  cos- 
rtmls  to  values  specified  by  tho  sorgo  c ara. 
Ttde  may  be  accomplished  by  icirataeing 
sufficient  lmpedanco  hi  the  circuit  to  Limit 
the  fault  current  to  safe  values,  or  by  parallel¬ 
ing  a  fluff! clout  number  of  cells  so  ttai  tho 
correut  through  any  ono  coll  does  sot  assecd 
its  rating.  A  tingle  fuso  or  circuit  breaker 
asay  be  uijo-cl  in  »h@  load  circuit  or  in  sack 
a-c  line  for  load  fault  prateetioa. 


Slig.  \-i\.  Maximum  aSlowsWo  eurge  rurrert 
cl  mtsslmuTU  rated  lord  roudlilous  for  a  typical 
silicon  power  roctlliss-. 


Tabls  1-8-— Typical  Silicon  Rectifier  Cfcaractas-feJSsa 


5W536 

1N5S7 

1N538 

SN5S8 

111540 

■msec* 

•% JACOA* 

4JA60F* 

li.ns  gresetS  inverse  voltage 

50 

ICO 

200 

300 

409 

S€3 

803 

2C3 

go 

Mas  nss  aotogo 

_ 

76 

140 

219 

260 

226 

248 

18 

SS 

Mas  esafttetogs  reveres  votiage 

50 

100 

200 

300 

400 

— 

Mas  d-c  output,  aa,  at  150  C 

250 

250 

250 

250 

259 

.  .  . 

f 

f 

t 

Max  d-e  cutput,  bgs,  at  50  C 

750 

750 

750 

750 

750 

f 

f 

f 

t  : 

One-cyci*  surge  current,  amp 

15 

15 

i3 

15 

15 

ess 

‘3 

£33 

coo 

Fult-tead  forward'  voltage  drop 

0.6 

0.® 

0.3 

0.3 

0.5 

t 

% 

t 

t 

Mas  IsaStege  current,  ma 

o.< 

0.4 

0.3 

0.3 

0.3 

595 

sot 

5S3 

m 

Mas  o^ewtlp-3  frequency,  he 

50 

50 

_ 

50 

50 

50 

— 

— 

— 

... 

Anst£®Et  eperaiiag  temperature, 
deg  C 

-05 

+165 

-65 

+185 

-65 

*165 

-85 

+165 

-65 

vi  90 

-03 

+S&0 

-OS 

+200 

-05 

+-2C0 

Storey  temperature,  deg  C 

-05 

+175 

-05 

+175 

-05 

+175 

-03 

+175 

-03 

+175 

-85 

+200 

-85 

+200 

“Commerclal-typo  numbare. 

t  Depend::  on  temperature.  Range  (dc)  o  100  amp  at  103  C  to  0  amp  at  S09  C- 
f  At  23  C:  0.8  olto  at  0.1  amp,  1  volt  at  60  amp,  1.7  volte  r.t  500  strap. 

At  200  C:  0.3  volto  at  0.!  am"  1  volt  at  100  amp,  1.7  volt ;  cl  500  aej\ 

7  At  essus  P1V,  300  C  Junction  temperature. 


In  adoittoii,  fuses  aro  generally  used  to 
isolate  a  defective  coll  whan  continuous  op- 
e rotten  <sl  equipment  Is  mandatory.  In  fiueh 
on  ai’rsrsgament,  tbs  colls  In  oach  log  of  tho 
circuit  ara  divided  Into  sovora.i  parallel  groups 
with  a  f®ca  la  carles  with  each  group.  When 


a  coll  failure  occurs,  fault  correasf  from  other 
legs  flows  through  tbs  failed  call  and  Its  fuso 
until  tbs  furs  opons,  loading  tfeo  ether  groups 
still  operable.  A  minimum  oi  three  groups 
per  leg  is  grins  rally  required  to  ensure  that 
ttss  proper  fxtsa  will  fell. 


Table  J-S — Typical  Germanism  Power  Rectifies1  Charsets rtsS tea 


nm 

1N95 

INKS 

1.11363 

. 

lMJlb 

4JA3011D* 

53  C 

71  C 

S3  C 

03  0 

s-5  e 

M+ie  prak  Inver s?  voltage 

too 

200 

300 

200 

300 

883 

100 

200 

100 

Mas  &-c  output  current,  ma 

150 

100 

75 

100 

73 

SCO 

109 

3100 

Mas  forward  volUg?  drop 

0.5 

0  5 

0.5 

0.48 

0.40 

0.4-3 

0.44 

0.38 

0.+3 

Max  feQ.kaxc  current 

al  raled  PIV,  nw 

2.7 

1.9 

1.3 

ast 

— 

— 

JO 

IS 

Coi^iteao^ii  reverse  working 

voltage,  dc 

30 

05 

100 

ISO 

150 

100 

£00 

as 

Mas  rms  voltage 

-- 

-- 

— 

— 

— 

— 

— 

143 

78 

Mia  fortznrd  to  re-  rse  current 

ratio  (nvg  forward  to  avg  reverse 

current  at  full  tod) 

-- 

— • 

783 

300 

SCO 

— 

— 

P»Btr  dissipation,  fuK  lend 

-- 

-- 

-- 

— 

— 

4 

2 

Operating  frequency,  fcc 

50J 

501 

50  J 

50  J 

SOf 

S0| 

50$ 

Max  a^irgc  current,  amp 

25 

35 

25 

~ 

— 

-- 

— 

120 

100  J 

Storage  temperature,  de-g  C 

85 

S3 

05 

03 

C", 

Ljr  . 

5-3 

55 

105 

103 

“'Commercial -type  ntamhesr. 
?  At  150  volts  dc. 

J  70  percent  rectification. 
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Series  and  Parallel  Opsratioa 

When  a  higher  peak  invarca  voltage  must 
be  handled  than  can  te  taloraisd  by  a  einglo 
call,  series  ©position  ss my  fee  employed.  Tfeo 
recotmnendatiauQ  of  the  manufacturer  should 
bo  followed  in  such  a  ease  bscanso  soma 
typos  ol  colls  require  matched  characteristics 
to  operate  in  c-erias  reliably.  RaeistorB  may 
bo  used  in  parallel  with  series  cells  to 
ensure  voltage  sharing  but  thio  practice  may 
bo  uneconomical  and  will  generally  reduce 
the  overall  system  reliability. 

Cells  may  also  bo  connected  ia  parallel  for 
greater  current  handling  capacity.  Careful 
matching  oi  c h as1  act ori sties  is  required  to 
achieve  satisfactory  current  division.  Divides 
can  bs  forced  by  the  use  of  a  series  resistor 
with  each  cell  but  this  results  in  reduced 
circuit  efficiency  ami  is  usually  net  dona. 

Cell  looses  can  be  determined  qirito  ac¬ 
curately  in  any  circuit  by  graphical  inte¬ 
gration  of  the  product  cl  ceil  voltage  mid 
current  waveforms.  Direct  measurement  cats 
also  be  accomplished  ir.  low-frequerry  cir¬ 
cuits  through  the  use  of  a  lo-.-.-pusar  -suctor 
moving  coil  traT.meter.  Sisch  a  motor  must 
bo  able  to  respond  to  the  4-e  competent  ol 
the  waveform*  ?a  well  a?  the  haraeaie  com- 
poaanta. 

Mechanical  Corrida  rations 


Silicon  and  germanium  rectifiers  a.r«  la- 
borently  rugged  mechanically  because  th«y 
arc  small  in  size  and  contain  no  moving  pant*. 
Most  tvoes  can  withstand  vibration  fatigue 
tests  of  10  g  and  1. millisecond  stocks  of  &00  g. 
The  cooling  sysiem  associated  with  a  recti¬ 
fier  cell  is  generally  weaker,  mechanically, 
tkui  the  ceil  ltoctf.  The  only  types  requiring 
care  In  orientation  are  fro-s-  convection -cooled 
fin  types  and  internal  v;ipor-eo»k-c'  typo*. 

Thermal  Considerations 


Tbs  losses  incurred  In  eperattm?  a  recti¬ 
fier  causa  ita  temperature  to  rico  alxrvo 
that  of  tho  ambient.  Sines  the  loss*.  -  are 
concentrated  is  the  region  of  Uw  rectifying 
‘unction,  junction  tomporature  la  often  used 
la  rating  a  rectifier. 

An  indirect  measuring:  technique  is  used 
with  junction  temperature,  which  is  livsecoa- 
sibie  fcir  direct  measuring.  The  power  tors  in 
tho  ceil  lo  multiplied  by  its  inf  renal  thermal 
impedance  to  obtain  the  Interna’,  temperature 
rise.  Thermal  impedance  is  generally  opsc- 


ifisd  by  iSsa  mssssteetares!  aa  tfeo  toniitoratura 
stop  (pas’  wait)  junctioa  above  an  es- 

fearaal  tesapsrateso  reforenso  poM, 

•gfe  easaxc  saUsssefcKfy  oparaflea  c?  a  eossS- 
ssssSactar  rectifiar,  adequate  cooling  asset 
fee  provided.  Wfenra  Estursl  coavectica  cooling 
ig  employed,  tfes  pycadmiiy  cl  other  hot  ofo- 
Jests  sausi  bs  eogsidsred.  Rectifiers  doatgasi! 
fer  aaiurai  ccravectica  cooling  often  depend 
©3  losing  a  eeashisrabl©  amousi  oi  boat  by 
ratSaiion.  A  saartsy  hot  object  xsay  causa  & 
Esdsdantifll  rescs&aa  in  radiation.  less. 

Forced-air  eoatresttew  improves  tho  maxl- 
naaa  ccntinuouaj  csrrsnt  rating  cl  a  raettfior 
fesi  does  net  increase  the  ehori-tlsBs  ourg© 
yatlag.  Forced  ceavection  does  cot  improve 
ths  absolute  zsastertan  PIV  rv.Uag,  bid  may 
reduce  the  doratieg  factor  where  required  to 
prevent  thermal  rts&sray.  Coneidairablo  wosfo 
la  to  progress  m  Squid  ceding  for  large 
gomnnium  pocrar  mstifiora.'5 


Germanium  as;5  oilicoH  rsetixiora  may  fall . 
la  sorvico  diis  to  a  Esmbor  of  reasons, 

1.  Tharmsl  nssrvay  as  a  rosaR  of  la- 
sdeqsala  coollcg  c?  ©scogoIvo  current  or 
wStogso 

Si.  Molting  of  rectifier  material®  by  sv«r> 
envreois  ouch  aa  occur  during  faa-HiJ, 

Tk  Fracture  of  Jaacticn  materials  or  golds r 
due  to  thermal  fatigue  or  temeorature 
K 

-1  D&teriorsHoa  <s!  rovnrES  chsu*acJorie“{is 
as  n  result  of  junctioa  snirfaco  con-5 asnifis.ti o ;i, 
eithgr  remain! cgfrcsn  fabrication  ar;!'l proceoc- 
isg  or  permitted  to  enter  throujth  defective 
rarrmoifc  seals.  'sTde  dstoriorsticn  uguaily 
leads  to  thermal  rmaway. 

S.  Fracture  oi  fo’dcr  joints  or  fault  cur- 
reste  c-C  mifficicnl  magnitude  to  «s?lt  aad 
dtapcrsw  internal  materials. 

to  property  vabrlcatcd  colic,  no  change  io 
ihs  forward  chstreHeristlc  to.1?  bees  knoatn 
to  occur  with  th-s  passsge  cl  tins®. 


°W£hl,  R.  e  .  ''Uioect  tVaic*r  Cooi-Cvl  Cjrsa*nlnv 
fjvcf  RfctsRer,"  Coaja.rsutciitira.v  s,.\v.i  Sle-ctrcsntcc, 
A!Kr;.  Jaaaary  VftS'f. 
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Moans  o3  S^gete^ag  3 ife 

EssSlaMlty  <d  esMesafceS®?  bss^JSs®®  esa 
fee  improved  fey  tesreasteg  8&3  feysaal  r@s= 
away  mas-gfe  c2  sa?@?.«.  SJstSsrecsSsfr,  rcdse«a 
psals-invers®  voltage  sad!  113S3  ferca.  '.serroat 
tesdiag  wlE  sfseassitSisfe  4M&.  A  fes^s  iteste? 
<rd  gstoy  will  r@dse«  to  ggsfesMsSy  ©T  saltero 

fe®  4©  sagfc®8®«l  S&58C33  fe  to  feSi  s®d  TjIIS 

ail©©  greater  4s Sssferafea  el  gte  ©aSI  feoSoira 
msim&f  wiH  ©gear.  OsessisaS  .|fi&Sfat9E®t£sa  rJ 
toe  call  ales  iak®ij  pises  si  a  gfesr«?  s'ate  e5 
tow  tampsnstesa,  iiss  prssaSss®?®3iugE®eSS» 
fisrs  la  earleo  gF®a%  Ss^s»v^»  sisliffiLia%.- 
stocs  iha  gga-ssal  ssods  «sS  Mtes®  Ss  1© 
rather  tta  to  *^3®»  Me  earoSsai  patter® 
fer  8  tygie®!  g$«TSias5tei  ^sstMter  fe  ^sssa  to 
Kg.  J-4S. 

AeeoSsrstsit  Ml®  Tfe-sls 

AeeelerM^t  Mfe  tastiag  «S  gss^ecad&t.te' 
sr^ctlfiers  ©aa  fes  ascoaa^t^fi  «^sr afing 
with  a  mtecffid  tersaaS  ffesaasy  fsetor  ©1 
suaietj.  f afflwas  osetsr  fssa®  feops ally  ttaa 
Hcrmal  tearasa  less  Eaairgte  festsvsresds^ 
tsrioraiioa  Sr  avaMatoJ®.  AresSfcss-  tsefesl^a 
twnjttsntV  ®£«<3  is  ctoreg?a  a&  c&P73tsd  test- 
psrat«s®8  at>8?®  to  ksswiS  sjagsE-sg  { JwafiilcsJ 
t®mE»ra*arc>.  TM®  <&ms@ a  to  jaBsxrta  ehssr- 
acterisSic  to  e?st©siorat®  al  sa  eseolerafel 
sate  etron  ttagfe  to  soils  as© 

ST AKDASlSw  AS®  ^S€3vS?MISa3 
greieasloajfll  smS 

A  eomjfa’ofeaasav©  tah«Satioa  si  £@£B»ssa«sa 
and  sSUeoa  rectifier  terras,  ^rsSss^sailtesto 
may  ho  feaad  la  to  "SBB  Stetefsl®  d  Mgs- 
t?©a  Devices:  PotottSea©  cf  SastossSsseter 
Tern®,  XS&4”;  aji5?S  SisB^as^  ca  XAttor 
%sabols  for  !^®iesstd2«tor  BssSseoa,  tfl&S5’; 
to  standards  ©I  to  C^sttte  oa  SemS- 
cmiductor'  Devices  (!'£&>14)  ©S  to^at  Elss- 
trea  Tito  Segia«arl»g  CobscM  psfl'EG);  sad 
to  Proposed  Test  Cede  for  SMsIlis  Best!- 
fier®  (AIKE).  fe  to  gs^wlsg  fesfeaology  02 
gfimaulura  awi  siUeca  Sssv iceg,  texme  con¬ 
flicts  with  to  GBiabflsted  fojrtasssdjsraeticss 
oS  ©.  niusKs  and  copper  wssife  Rseti.Oors  ?jilS 
occur  tomoorartly  foot  tmtiias’  ■K®:!§t  will  tsriag 
uniformity  of  stodard®  ssd  spaiiSsEUoae. 

Military 

ML-E-1,  “  Electron  Tfcljsffccfl Cry EislRGC- 
ttfiors’1’;  ML-T~2S380A{HSA51  “feinicaa- 
ductor  Diodes,  Phoiodlodss,  Ttesaiators  atitl 
Pflctotranalstore”;  acd  ££Bl.-T-I®'<©A(SigC), 
"  Translctore, .  Crystal  DfoSo*  :«ai  Hoisted 


Wigi  &-<5S.  t*?3  crrotol  yattera  for  a  gssfsaa- 
rates®  restSsR. 


Semfomdaso^  Hastot'onic  So7ls@u,>f  ore  tools 
sspaeffiesflas!®  w5sfe&  fecltstl©  tasss,  cymfcsi^, 
gad  electrical,  sscsMalcai;,  @nd  Gisviroamsstai 
feets  fer  s\9sMfi@rs.®  Bd^STD-gOg,  Jifssi 
Meths^g  Sea’.ISleetroalc  and  Slscteic  CmapssssM 
Fas’tg”’  esv-ssa  fts&  istosidnt.jd  sjsj!  acestersted 
awlsesameatsl  teets.  Ssmicesdeetor  rectlfiors 
ara  feegeKstly  &.:  «sified  to  tern®  t&  pote- 
eases  t®  to  oavireaDsantal  parts  cf  c^ei^mcjssi 
spscifictiStos  ©1  to  three  bra&cto®  of  ssased 
services.  fViflc:!  eavlronmeatai  wpsclfic^iess 
k;q'&<$.  Jaclffids  rc^dromeato  fi>r  ecto  ©r  all 
of  to  Mlotfl-Rg:  EsechaslcaS  ^e^eceMh:^ 
Mgfe-feetstrascy  vite?.5§iosst  vibretioii  fcMpt®, 
salt  spray  (cosrosimj  roslstaaes),  tesifite, 
sseistes  s?eslGlaffi£0,  fosapGrater©  cycMsg,, 
tdgh-teapsifQtsjso  storage,  tow-tenaposxttsrs 
etoraga,  aMiteSs,  sad  pressor©.  Fortfear  ape-  , 
ctal  reqoireossois,  atah  as  restotaoso  to  ms- 
clear  radtatiOB,ftH!Susf  s%Sb,  s®,  and  sand, may 
to  added.  A  Iso,  tests  (for  ejsmplo,  ordsl  strafe 
or  glaas-eavelops  strain}  ay-pliccblo  to  a 
Specific  rectifier  design  ar©  often  IncitaSed. 
SnvJp&OTiOKtel  as-  doalga  mpsirerasnte  oro 
ctoched  by  ts.g5tag  oamniee  from  a  lot  of 
ractifiem. 

LMo  teeSs  era  gsaerally  treated  esporatoly 
Srees  eaviroeasasrital  teste  because  id  tha  kffig  . 
ttnae  ctasosssd  ®nd  the  asceseary  low  Is^ol 
of  sampling.  MS'.?  tests  may  be  pas  (erased 
at  any  tesnysrsb'-os.  However,  they  are  nor- 
mully  perfc3r»---.'d  at  to  blghoet  op-arstlng 
tessparator©  -iffeich  rasclte  to  ths  severest 
coaditiosis). 

tkshbs  Mi®  mysLommiw 

.onlcesMtector  rectlfiere  ©ill  bo  improved 
eonstdorsbly  daring  tlio  next  fow  years.  Batil- 


®MIjU-T“SS3®5A.  "  Transl&tora,  C-ssvirni  f^scifi- 
cnHa-j/'  Was  r®pl££«3  BftL-T-SS3fiO(U3AF)  jsx]  sllS 
ro^ftce  MUr-y-lSSTBA, 
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sally,  tiis  trend  te  toward  iffiersefflctssi,  bights’ 
tesnpsratero,  higher  voltage,  fcsso  reliable, 
and  Iosd  expansive  rectifiers.  TcSsrodjreelcgp- 
saonts  are  Mated  bales?. 

S„  Lsiige?  Mto.  A  feaffior  sndas'ctoit^ag  c3 
to  factors  wfdcfo  cause  dsgrcdatisa  is  teteg 
gained  with  esporisnce.  Reveres  correct  leak¬ 
age  around  the  Junctlcsi  tea  bssa  the  most 
difficult  factor  to  bring  under  eOBbmL  Mow- 
over,  processes  which  minisniKS  o?  oMrataiste 
exposure  to  mol  star  0  and  other  ecslasatoante 
plug  better  packages  should  alleviate  fists 
problem.  With  the  ^ifisiiaatto  eS  leakage 
around  the  Junction  and  propor  ssscfeanicaS 
conisiructlon,  essentially  infinite  lifo  OS100M 
tea  raalteablo, 

3.  Higher  Environmental  Reliability.  Betts? 
mocha  nice!  designs  and  good  process  control 
will  result  la  more  reliable  stevicos  cadas1 
extrera-o  onvlroamoatal  rssjsimasafia, 

3.  f&ghsr  Power  Capabilities.  ©sltecapaMo 
of  carrying  up  to  SOCK)  arap  per  coil  ara 
ulrendy  u&dor  eensSdaratioa.  A  naajbor  of 
colls  io  to  350-amp  range  are  ragldly  ra ach¬ 
ing  production  siagsss, 

4.  Lowor  Cost  The  cost  par  kilowatt  el 
rectified  poorer  using  gersHbilu©  sod  sllicca 
rectifiers  la  rapidly  becoming  eempotitive 
with  other  t7po.i1  a.{  rectifying  ceils.  As  the 
■sxuums  of  unite  sold  ir creases,  both  raw 
mats  rials  and  process  costs  will  ssseraa ss. 

Si.  Greater  Operating  Tvr-nsrehire  Rang*. 
Better  p rococo  and  package  ensign  for  ellicoa 
rectifiers  will  result  Iji  penaioslble  operation 
up  to  250  C.  Other  eomicoaduirtora  tips  being 
studied  which  should  psreiii  opera  [ton  at 
tomperaiurog  ccnsitisrahly  in  esso. ss  of  250  C. 

6.  Nuclear  Radiation  Roatetsscs.  Radiation 
reel  stance  imeomos  more  important  with  to 
growth  of  r-'Clttar  power.  Several  studies  ara 
in  progress  io  determine  ratfiaiica  effects  ca 
somlccmductorej  now  In  production.  In  addition, 
efforts  io  design  red 1  atlcs .  -  rsa' s  i as4  recti¬ 
fiers  have  boon  otariei, 

7.  Improved  Characteristics.  Both  tho  re¬ 
verse  and  forward  characteristics  will  bo 
Improved  an  manufacturing  aspeno  oca  io 
galnetl. 

3.  Higher  Reveres  Volte  go  Capabilities. 
Some  silicon  rectifiers  for  bm  in  ojicom  cl 
1000  volta  have  already  appeared  on  tlsa 
market.  Under  normal  ambierd  eruditions, 
silicon  rectifiers  can  after  much  higher  re- 


'5oS’G3  voltage  ci^Mthw  to  gdgaitarftssi 
jrsstfflera.  This  feafasna,  more  tisaa  assy  ctosv 
wffl  eases  a  definite  toad  toward  to  raea  ®fi 
eSHeea  resfifiers.  Stevesy  Mgh  voltes  KS&’ 
fiestte,  graded  lacteal  of  alloy  JsisMcxs 
effl  tt^ssrMeffly  baee&z)  to  tlm&iM, 

0.  %®sisl  DaelgBS  fsyH^scifieAppHscSffekS 

?few  designs  will  teaeossa  available  ao  a  s m£i 
e3  damantte  for  opseifis  eeiaicoafestos’  efes^ 
sstsrintico;  for  saasajd®,  for  voltage  rofos’GSPO 
or  regulator  rectifiers.  ©tors,  mth  as  tslgfe- 
fro^ancy  rectifiers  sad  roctifisro  wMeli  Sss>= 
fcava  like  tfeyratrons,  as®  already  festeg  G&* 
eSgr.-Et?- 

SEtENJimi,  GESUMMOM,  AKB  SffllWZ 
RMTHHER  A PWUC&Tim 

cmfmsmnom 

Electrical  CirgaB 

ftse  nitlEgs  of  rectlfisr  eells  are  priusast^y 
dstomtesd  by  totercal  teaating.®  Ttorofosre, 
w&en  cells  aro  applied  ta  a  spsslfie  cirstdi. 
to  wavaohap-30  d  applteii  volti-^e  aad  esmaS 
sssust  bo  coasldorod  fer  tbslr  boating  o&scis. 
Thus,  n  cs^ssclttvo-iajsct  filtarod  dmdt  weals! 
S mpstso  a  lowcw  sssess^j®  rating  for  s  $v©a 
esE  titas  would  4  mdsttve  os-  tsduettvu  !ss-i 
gicillarly,  to  rovasto  voltage  wsvofos’ra  tss« 
po*©d  fey  a  toee-pJosse  circuit  rrill  causa 
gs*®3t®r  rovoreo  bsslisg  too  a  degte-p^ss 
eiSTolf  with  tho  03123  passSt-iavoreo  voiia^©^ 

Rectifier  circuit  WiZoo  such  as  TsMo  M 
glvo  to  theoretical  of  eamd 

asd  voltage  for  to  e&mmomSy  ussd  powar- 
BEpply  circuit  casiaections.  Tboce  roletiaa- 
E-hlpo  aro  based  on  to  aasuiapUcos  tot  to 
supply  voltage  is  a  tree  eins  wave  and  to i 
to  rectifying  colls  pnmsd  do  circuit  leases. 

7?'-o  effects  of  Deli.  vcStago  drew  m  caipsl 
ws^iag®  can  bo  dsterefised  from  to  pssbLlghsd 
values  of  fell- cycle  wdiago  drop.  Tho  voltag© 
will  bs  !osg  tina  to  theoretical  value  of  tbs 
circuit  by  tiw  asuwat  eS  cell  drop  dstemtod 
ss  follows: 

Total  coll  drop  Kuabar  of  clrcttii  fegs 
.  tliooa  the  number  of  eorto 

coils  per  log  times  to 
avers^o  cell  drop. 

This  method  will  bs  sufficiently  sc  curate  icr 
roost  circuits.  Ksseptlosis  sue  iow-voltrgs 
ervplios  whore  tfeo  coll  drop  bec<Kn«5 
elgalftcant  parccntsg®  of  thn  cubj-tsi  voltsge. 


w  Other  than  tUoss  Impasad  by  tbs  s"fv«rsg  hr?sk- 
4b«n  voJtago  of  tbs  cell,  which  lg  u-ot  »*osUy  a 
ite-ltir-j  li.-tlo-r. 


stsjrteMss  c?  texUBhro  >  d  0s»UJfc»  OwaStoP 


EtefWios’  ©statec&sa 


**»  ass,  ^^asd?^la& 

“•-"“W-s*'  MS,  “-°H  M,  l°J»“  MS,sri5 


???.  of  mcfflyieg 
a letssfflBto  rtsi|aiF©d 


S^ctMter  c.  -  TteFtoSies  to  @2>3a!3  L©  safs  JL0  aup  &»c  ealpcl 
Rscfilio?  ctessvs&js'fcSSSss 


Ararats  d-c  volio 
Peas  d-c  volta 
Sms  (J-«  twits 
RlppJs  facto? 

Major  rippls  ?re< pansy 


1.00 

I  LG© 

1  S.S9 

s.es 

i.C« 

3. CO 

1.00 

S  .14 

I  3.S? 

I  rm 

a.SS 

1.08 

1.8© 

1.05 

?..m 

I  l.M 

|  S.i2 

t.oa 

1.08 

1.03  ! 

1.03 

L22 

1  0.43 

I  ®A3 

0.10 

0.053 

®,043 

0.042 

l¥ 

I 

1  W 

31? 

%V 

0F 

RsctUyim.  cbavssS  charcctertsilm^S&sb^mee  toad  withcc!  fllbr 


forward  carresl  | 

(par  rectifying  clem »rd)  j  3.65 

Pesi  forward  cwrad  jj 

{per  rocitfytnfj  a!ssasal|  |  3.3d 

Sms  fosv/anl  current  j 

(pot  rectifying  clamecQ  |  1,0? 

Italic;  pjaU  oor  average  {or- 1 
ward  eurroet  1  3.M 


|  0.538 
|  1.23 
l  O.CS0 


Psm  bmtss  volte  J  3,14  Ki;  |  3.14  E,.,.  j  J.KT  Bic  |  8.C3  SA  Jj-  09  Bit  ^2,00  8& 
KoctUyta©  otemnt  cfearcctortsUcff—fcay^  raaetor-fesswt  niter  osr  te&stt'Aj'ltad 


3.10 
*■«  Sd3 


AvsrflgB  forward  current 
(p*r  rectifying  elsmontj 

Foals  average  current 
(per  rectifying  ctementj  I 

!  53ms  fort; ml  ctirrord 
i  (prr  rectifying  olossvonQ  1 

Rsilo:  pratt  par  average  far- 
ward  currant 

P-ssiJs  iavarco  volte  I 


6.3:53 

L 

OAtf 

3.03 


Ol  333  1  0,1ft? 


3.es  s  aeo 


j  3.M  8*  j  1.5?  }  3.09  j  1.38  Sfe  j  3.0ft  Si;  j  2.43  E*  < 

Trsrwforrcer  rp-ttoj — Large  msctec-faput  fUfor  OS"  scdofillv-j  Scad 


Kcwi  sec;vMi3ry  volte  p®r  teg  £.32$ 
Secondary  ri,;j  amperes  3. Sit 
Primary  rn's  amj^rtsa  S.B?i 

Ss cocdury  volt- ampere!,  S.llJf 
Primary  volt-amperes  3.48? 

Average  volt-fliupsios  3.40t 

Secondary  utilisation  factor  0.38j 


0.054 

0.STY 

J  0.474 

sAB 

IM 

5.39 

O.fTOf 


0.437 

0.7  4C' 

o.e.v4 

0.830$ 

e.4o§ 

0.2S9 

0.830 

0.677$ 

0.400 

J.09 

1-81 

1.48 

5. OS 

i.U% 

5 .05 

1.05 

5.65$ 

1.25 

0,003 

0.555 

0.675 

_ _  _ 

A-C  lir.a  Input— Largo  rcacter -tepct  til:.  <.•*  tn&sctlvs  kfJ.d 


Rmn  am  pares 
Power  factor 
Mas  theoretics! 
efficiency,  % 


0.6:9?  i.UJ  0. 0 1 5 J  j  0.707$ 


o.m  >  o.o55 


35.6  JOS. 


°  Table  1-7  vua  adapted  from  a  titbte  in  “Ekctro.-dra  for  Industry,*'  try  W.  1.  Benda,  3ohn  Wlto-y  &  Sons, 
fnc.,  New  York,  1947. 
t  V  slue  3  for  reel  stance  load  wltisouS  ttits?. 

J  V nU'.os  for  Delta  connactsd  primary. 

7  Max  Snvarso  peais  vu!ts  ei  ilgfci  kst-i 
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itacTEFiEg  mm  esz&m&Tiwsa 

'  Baa^Q"^jS£3 

Lggdg.  IssKSer  S asSs  esj  bo  eatcgesdsod 
ao  sreGksTiva^  cs3  aajRsStive,  saS 

various  &5s]b3s3*fiiOMi  <sS  tfeaaa  ti^pas.  Th® 
offset  sS  tfeo  ImS  spsa  ®3  output  vavoSmB, 
jtsoak  earrsKi,  mi  m  ms  is  as  foHowo. 

Retfotllvo.  War  ■  elagSc-fMoe  eimilt*,  tSsa 
voltageo  SEiil  gunreats  spseifiod  ars  far  ra~ 
oistaneo  loads.  Tfcsso  as©  fee  simplest  to 
calculate  feas£3»B  fears  ess  bo  ho  stars go  of 
charge  to  a  raetotar..  inkaretee,  fes  taastauna 
fevers©  voltage  (Ea)  across  fae  rectifier  ig 
tfas  popi;  of  fee  syplis s&  a-c  voltage;  for  e  rise 
wave,  Ed  s^aaSa  Ep~it  equals  i.41  E  ^s. 

Ors  Big.  X-43  fee  cfet-a  wav©  teetaataBaauo 
value  Id  ®=  Sasiti0 
8  a  2  a  t& 

vihors 

S  a  s=  POC&  WltgtfO 

£?  u  pbacss  aaglo,  eeSssa 

i  ■■  fro^ese-sy,  cgs 

4  » timo,  exsccafla 

Figure  £«43  eStesws  tha  ras&fclaaee  load  volt¬ 
age  of  a  half-wav©  rectsaar.Tfe®  .average  value 
is  Scm  equals  0.318  S„, 

Inductive.  Tae  tosfesliva  load  casv?«a  no 
special  prctsSssae  otter  tfesa  feoea  associated 
wife  circuit  tetarr&ptto.  Typical  Inductive 
loads  are  sots#  coils,  Silo?  chokes,  and  so 
.forth.  (800  also  "IssSsctive  Load  ?2?!ecte” 
snider  Sill  con  sad  Gemanlom  Rsctiflorc.) 


>■  ».  S  -43-  XV  tsQvr&a  Ss  a  cirsgie-phBK)  ha?J- 
<-»  vo  rscVisax  with  ct^siaEee  hta&k 
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Kg.  1-44.  SXiect  o!  inductance  on  srsducing 
p®*ft  rectifier  currents  in  Qtajlv -phase  hsK- 
vjms  circuits. 


5L  De-sasi-gigcd  cc?.L  A  do-saorgiscd  sell 
acts  Jibe  an  epsa.  circuit.  Whoa  voltage  i« 
applied,  cTim*at  baildr?  up  to  it  ao  fee  mag¬ 
netic  field  tecoraoo  establish::!.  During  ccb- 
tLsufeCS  operation,  the  coil  keeps  too  car reel 
flowLig  glascllly,  bat  there  is  as  voltage  pspfe- 
less,  la  general,  tho  inductive-load  pecflflos’ 
cis-csit  Ins  the  same  currant  nstlug  m  tits 
reai&taacQ  load,  and  the  peak  inverse  voltsi^a 
across  tha  reediior  ic,  as  wife  rz>sL;hmm 
loads,  tha  peak  of  tho  n-c  subtly  voltage. 

few  cy cl#  el  tho  currant  wave  shown  ca 
Pig,  1-44  reprasantfl  m  inductor  and  serioa- 
rastedor  iropnilod  from  a  half- wave  rocOiie.v. 
When  tha  indnctrnce  in  Kero,  .the  dotted  curve, 
which  Sc  typical  for  resistance  loads,  is 
ffoiicrsed.  When  2*!L/'&  ocjuala  1,  a  amaUes- 
piiak  currant  is  obiidned,  sittf  fes  current 
ooBtlnttss  to  flow  past  tho  ISO-cagrse  pataca 
angle.  Tha  load  roalotftnco  U  kept  conj,iaiii 
for  all  curves  on  Fig.  1-44.  As  tha  !n  - 
docfenco  valus  is  increased,  tha  peak  curreut 
hs  docrcnsed,  and  fee  time  cl  cui-rant  flow  is 
leogtltensd.  Inductiv®  lauds  are  seldom  used 
on  fall-'STavo  rectifier  circuits,  Oitaa  Uwiy 
ara  supplied  from  full-wave  singift-pfearo  or 
any  c4  tls®  thiioo-plsaso  circuits. 

2.  IrFisictivo  hick  on  opening  d-c  circuit 0. 
Whcm  deenorgiaed.,  tha  circuit  loductaaca  sauct 
disaipefe  its  stored  energy.  3i  Is  dangoroos 
to  <opcn  a  d-c  oerioo-inductor  circuit;  Use 
tndiw.tlvG  kick  can  do  daroago.  Ir^e ad,  fee 
approved  method  is  to  open  tho  a-c  circuit 
to  the  rectifier.  Than  tlic  hiductive  kick  will 
quickly  wid  harmloaaly  disoir^te  iteelf  in  ths 
m'UQer,  This  ie  tho  principle  of  fea  arc 
nupproa-iw.r. 


CapafiMva.  ‘TMs  8ps>  ef  tad  8s  Syg iSiotS  fog 
M^s-i»ak  Savers®  r^sgm  and!  Mg^t-surga 
earraata.  Tits  prsesadtas  sssSed  Mw  should 
te  elssely  Misled  ties  tet  gasteEsostc® 
ssfl  Mfe= 

i.  esrrssife  issslfeg  festessv  F©?  all  ^^2=- 
gfca*»  Esefiffier  aSsesSt®,  fits-  swsldassee-IflaS 
©urg'ost  rating  s&aaM  tea  iScsreased  to  0.8 
tor  eapacitlv©  er  bstf^sg  iastta,  A  rectifies- 
rated  of  2=amp  zss&saWBo  tsad,  tail!  haasHe 
a  L6-asnp  ea pBcste  lead,  €so  reassa  for 
till®  daraitag  is  that  ea  saefcarged  capacitor 
4b  a  short  cSmdt;  it  fifes s  a  heavy  MtiaS 
eiaagSES  Gu?irei&>  'Ms  ahsRdd  fea  Staiitedi  fey 
a  Bsriss  josistor,,  aswally  dl  to  ©rder  «3  j 
psmat  of  th©  aeieai  total  I'osSdasso.  “>cMs  - 
is  S0  email  teat  fit  doos  not  EEatorialiy  affect 
4~e  ©perattca.  la  asMUoa,  tfcare  Is  ceaMder- 
sMe  etoraga  of  charge  te  &  ©spas!!©:?,  uMcfc 
at  co-load  rises  to  tks  peak  el  too  staled 
2>e.  v®ltaga;:  ®s  1.41  S 

2L  Gtergto.g  eusroEi.  Per  sfi  es»M 
E-eas-a  current  is  dra?^  cs  that  tos  eapadter 
diccijargas  to  a  voltage  fcafcsw  tfeo  peak  value. 
Tits  voltage  Bj,.  across  too  capacitor  to  to 
eoJisS  lins  curw  ca  Fig.  1-4S{B),  end  to 
apples!  voltag®  fore  &  ferd-wwo  rcctfflor  to 
tea  <8a@&  curve.  Etortiag  firea  tea  left,  12  & 
torega  to  point  P  vjfeas®  It  tatorsecte  to  rising 
a-e  vtavo.  At  this  point,  to  rectifier  starts 
to  Eepply  current  as  shown  ea  to  lower  part 
ef  Fig.  1<-45(B).  Tteo  reciiftor  coaiiutas  to 
cesatoct  until  pdEi  Q  is  rosclvsd,  where  Eae 
again  reacJms  to  Bjs  tmlwa,  asd  eo  further 
coo&sctlca  occurs  until  Pctei  P'ia  reacted  ©3 
the  asat  half  '~nv©.  As  efeowia,  t!»  paste  cur- 
rest  I„  Is  K  times  to  average  surreal  fKV. 
Tbls  factor  K  ia  ladicatod  oh  Fig,  i-46. 
Wite  largo  capacitora,  sad  d-c  voltages  soar 
tho  a-c  psnte  valtss,  heavy  pesJx  cumsais  nr© 
drawn  from  to  recilfior  for  a  eljos’t  part  of 
to  cycle.  Seleutoa  rectifioro  are  bettor 
equipped  to  band!©  this  po-2&  ton  t-uteo  rccii- 
flere  mainly  bccaaeo  a!  to  toteraal  ea- 
pacitiys  effect  of  to  c©Ll  waleh  roccjgo  off 
to  sharp  peaks,  'ffcto  is  iM.tot»d  by  to 
dar-h  Mno  at  H  oa  Fig.  %  -46(B).  Tbs  jmk 
is  Esnally  loos  tbca  eight  times  to  avarago 
toad  direct  curronl,  sad  to  0.0  {toraltog 
fecior  usually  la  sSsqn&io  oosspacsstioa. 

S.  Bevarse  vjdtag©  paste.  $atb  cstjadfive 
loads,  to  revorco  Toltng®  applied  to  a  hnlf- 
wave  rectifier  will  fe®  a  Eiaalniura  at  toes 
to  s-c  psak;  tot  iff,  t-os  cl&&-\7£va  injsst, 

B  ro-r^es  pjslt  a  2.{j3  B  -±3 

This  So  becausa  to  ccradter  cl  ores  b  d-e 
peate  off  1,41  8^  sad  on  to  »s.>£t  fealf-wnva 


Elg,  I-4S.  Wsvetoycso  to  sfc3?®-gtass  MS" 
wave  rcsttfiors  eitb  roeiette-©  I@3f?3  CA)  sed 
eapaeltivo  teeda  (0), 


the  tsaB2?©r-sa?  inpui  jsoak  to  5L431 1FE3  to  tl?3 
©ppesSia  corns,  ^adflcollp,  far  a  1^-veSt 
ms  input,  tfee  porf-t  invore©  v©!tag©  this 
feaM-r/avo  rcctilter  must  Is  2.00 

tisaas  820  ©r  340  volts.  “FMa  8c  ’iypiCDl  eJ 
fea5f»wnvQ  a~s/d»e  eimdts  ®2s$a  e^aratei  ea 
sltemtisg  ccs’reiit. 

4.  Sortcs  s’eeistor.  The  castes  r®sl6t(w, 
EEOjstiosied  earlior  as  teiag  SEsportaEt  durieg 
to  initial  charging  of  Vas  capsscfitor,  is  ales 
aeedsd  t©  seduce  the  petite  em&es'is  wJhcsj  am 
eimractoriette  of  capacitor'  loads.  TMs  is 
particularly  truo  whm  tee  d~e  voltago  is  a 
large  fraction  of  iho  peak  aj^sliod  s~c  vcKage. 

8.  Cajsadter  load  ebaraetorisSieo.  Flgare 
S-40  sppliss  when  &  reciiUss  mQ^dios  a 
capscitor  Isad  of  4  j»i  or  larger.  Tfee  rec»- 
tengular  tees  along  tec  hcttoai  rsp r©scst 
til©  input  reciotancsja  which  jteaUaki  both  to 
rectJfio??  and  to  senree  (trsanformor).  At  to 
right  are  ratios  K  of  paste  rcotSSer  c surwida 
to  to  average  d-c  load  currest. 

For  ei-sisapl®,  vAth  100  ij^yct  oSieib  acd 
10,009  loff-tl  oil  ms,  Sho  ocipui  d-c  volts  will  be 
J..3  -iffciee  tho  ring  input  volte  feoca  to  trano» 
forraor.  Ths  peak  curs'ont  rnsqaired  by  t!i$ 
rertiOcr  will  b«  41. S  times  &s  averaga  ti-c 
iosd  current  {right-band  ncals). 

fa  central  with  other  types  of  rcc  title  re, 
in  parttculas’  taorcury  vapos-  diodes  wfiers  tbs 
tubs  rating  must  not  5m  excee&sd,  the  peak 
carrcci  is  seldom  cd  conee^BSsea  with  fids- 


LOAD  nESISXABCE  ■  (OUTPUT) 

AfdJr 


LOAD  RESSSTAWCg  * 


FSJ.  1-40,  Operating  characteristics  of  sUsgto-pStsea  full-vmve  rectifiers  crtih  CO-cjs a  a-t:  sspfty  end  with 
capacitive  loads  greater  tfeca  4  saf.  (A&RL,  The  Radio  Amateur '0  Kandbocis.  3SM.  e4.,  165i5 


istea  rectifiers;  Mss  a wreg*  ass- rant  is  snore 
Intforlsal 

FSgiare  1-4?  t&Ksg  regulation  for  v&rlcaa 
clrctdt3  with  capacitive  toads  opa  rating  from 
a  ISO-volt  80- cycle  inpig., 

Bsitary  Loads.  The  ix&js  fo?  capacitive 
lords  apply  directly  to  baitory-charginglQSda, 
The  voltage  ci  a  s'sursg®  baiiory  masalas 
relatively  constant  over,  lasing  the  period 
wbeu  Users  la  no  charging  current  from  the 
rwetifler.  Hceco,  for  haM-wave  the  invars# 
wotisg®  psak  must.  ta  regarded  as  trrfcs  that 
of  the  peak  applic.i  olterasting  currant.  For 
siDgla-phasa  batter?  charging,  ti»  correct 
rating  in  0.8  times  tas  normal  resistance 
load  rating. 

Circuits.  Tba  majority  of  swlcniom  recti¬ 
fier  circuHs  aparMo  tslihar  from  singie-ptiaea 
or  threo-phassj  s-c  inpats.  Table  1-8  gives 
the  Chirac  tori  sties  of  s«U-fikuss  .decks  and 
clrcelta.  As  a  rule,  ti*  single-phase  rectifier 
clrctdta  are  for  low- pews  n?d  applicaticaja, 
Tlw  high  osijRjt  rtpplu  is  smoothed  to  a  vary 
law  iipjCe  by  oalng  filter®. 


Half- Wave.  Figas®  1-49  "E”  is  a  ball- troy  @ 
rectifier  where  ttse  applied  alternating  vcitsga 
is  K(m,  tits  average  direct  current  through 
the  load  io  l a,,  stsd  its  average  direct  voltage 
across  the  load  Is  M  * ,  T&o  nBenuttingcunrenl 
Iaa  Is  in  series  with  S&.  Ttsssa  currents  ara 
v.jpA  by  an  re-e  ejstsr  and  a  d-c  meter, 
respectively.  For  a  resistance  load  the  r o- 
iatious  are 

hW  «  S,S  Ej,  *N(D*) 

1«*  *  1.57 

Ripple  frsgeency  »  ! 

/tjjproa iiaai-3  rippls  a  112  paresud 

N£Dv)  indlcalos  if  colls  So  Berios,  each  wills 
nn  rnui  forward  votings  drop  par  call  d  l>r 
(sea  fig.  1-10). 

Aa  advantage  of  the  fcjslf-vmve  rectifier  la 
that  ties  secoedary  cl  the  smpjuy  trsatiarnsey 
and  o:i«  el  do  of  the  d-e  lead  »re  common,  and 
cen  be  grouixfc'd.  This  is  a  valuable  safety 
saoaffujrs.  Tba  diaadvastaga  of  the  half- wav  o 
recti  bar  Is  the  large  d-e  component  in  fee 
transformer  sroofidary.  This  mu£t  5>a  ooa- 
sJ&irid  in  ths  transformer  design. 


J00r.ifd-t.00mM 
,§0raM  <-50<nfd 
,25mfd  *2SmU 


H&U-mWf, 


IQOmM 

“™Td0~™200  300 

load  current,^ 


Wig.  5-17.  Regulation  eiwrsaSerisJieffl  ej  bni?» 
wav*  and  lull-wave  eireuito  with  capacitive 
toade.  fajJtiS  is  220  woSJa,  SO  cycle®. 


FtoK-Wffivo,.  Ceatoy  Top  PcoltJva  ©y  Kags- 
J3va.  Kgaro  S-48  "C”  arid  ”K'5  a?®  Ml» 
T7a»e  center-topped  rectiSeya,  Tfea  esater* 
tagjHaS  foraaMostocr  ;.:  "^viag  Ms  ee 

clesdf  & r®ci  current  h  syindiag,  mm3  ensfe 
eagplios  ii’^/; 3!  for  its  hoM  cycle.  F©y 
a  z^eSsiaisca  issS 

S8t/2«Lt5F^-cPJftlvf 
X„  a  0-785 1&. 

BippSte  iragnmsy  » &? 

AjspsmtaaSo  rlggl®  a  4S  parcesi 

T to  aUsmstog  camsat  ircu.  uacSs  hail  cJ  ih» 
tesstonner  seconds ry  la  he  wtricb  Is  read 
v-Hfe  sat  &~e  ammoter.  An  advantago  ©f  tbs 
««s.iar-tap  circuit  is  thnt  tha  braaglerwoy 
top  east  <mo  tS-c  load  can  bo  grewaaed.  7,14 e 
is  a  Koraal  naioty  precauiica.  TM  coni  u/ 
tbs  costa?  tap  ie  a  cksadvantega. 

Fuli-WaTO  Bridge.  An  advantage  of  Jh@ 
center-tapped  circuit  is  obtained  with  iho 
bridge  circuit  S  oil  Figure  1-4$  because  there 
is  no  ptcady  direct  current  in  tfcj  transformer 
secoo&arj.  Asetboir  advantage  is  that  tba 
eUralnatloa  of  tbs  center  tap  reduce®  cost 
Or,  ih-a  other  hand,  ons  oddo  oit  tbs  d-c  toad, 
or  ewa  aids  <rf  the  iraaclormor  aeccndary, 
but  not  both,  may  be  grounded.  Usually  ths 
negative  d-c  lead  iagroundod.  Fora  retd  stone  © 
load 

B:t  «  5.16  E&  ->N(Dv) 

I«  »  1-A5I& 

Ripple  Ircqwsncy  »  21 
Apprmtmate  rlppio  «  48  porcffiEt 

Tbs  half-wave  and  full-wavo  rectifiers  ni -e 
off  major  lutoresi  ia  electronic  applications. 


Uai  t&s  cmgsl  fflpjflQo  ©J  182  mi  M  go ff©M 
s’osgsctlvsly  repairs  a  Miss’,, 

W&ago  EMMpMarG 

TtmMer*  Flgrara  S-40  oS$®?73  e3V&gi&£®Mce 
cimsite.  Teice  Sfe®  aitorpsflag  vottago  gsaJt 
v/IH  ho  obtained  tit  sse-Iosd,  Cireaits  AIS3«3?g& 
D  are  hsM-wave  dotAkurs.  CiretMt  E  l@  fe 
cal^  fiali-wav®  doabley.  Ail  tJotsMey  eisesslte 
ysgislro  eispacitors  e©  tSsst  tho  psjjSt  Mvssm 
voitags  ratiEg  oS  tbs  j’estMles'  masthoteMsi, 
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Fig.  S-4S.  Single- ss  rectifier  circultu. 
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7  -v.vi. 


'T;  ^  *  -1n  -vtrflr^<  s  . 


TaMo  S-8=Ch85*aetortetiC3  of  UsslM®?  Elssho  gad  CteceSSs 


A  —  fiuafeor  o?  capas-cl-s  rectifying  arms,  ciinrecfajrloSic  cl  a  particular  circuit  Fter  a  foli-oara  ctoghs-gjKSv) 
bridgo,  A  ousels  <L 

0?  —  Voltes®  drop  par  call  for  a  cy  34-11  tot!  Girctif?,, 

Sa,  —  Applied  nos  voltage  inp«i»  stoa  wava. 

K,,,  —  ATOrvga  d-c  voftags  output 
Ha  —  Average  dlroci  currant  in  aniparea  par  rectifying  arm  A. 

1K  ■»  Applied  ms  cunuti  input  (nsssMi-oa)- 

—  Averngo  d-c  toed  cut  reel  output  (amp-orco)? 

H  —  Mnsahar  ci  carlea  colls  In  any  ooa  rectifying  ana  A. 

V  —  fJajrivsiuE)  lavorea  applied  a-c  voltage  to  any  cos  rc-cisfyieg  ort)  A. 

Koto:  Cteehs  are  oomoUsoos  identified  by  tbreo  digits  alro;  for  instance,  4-2-1  far  o  fitejJ. s-phaas  fiiS-auvO 
fcrii^s,  two  colls  to  paries  la  oach  cm,  ona  call  to  parallel  oc*£>  arm. 


i.  Cesamoa  ivc/d-c  tend.  On  circuit  A 
Fig.  1-49*,  css  oldd  of  Uio  a-c  input  and  tha 
d-c  negative  output  are  common,  but  Cj  and 
Ca  capacitors  tewa  no  common  terminal.  Whan 
tils  top  fs-c  lore!  is  positive,  Cs  is  charged; 
when  tfco  top  a-c  lead  ie  negative,  €>  is 
charged.  Miss  a  brief  startup  period,  the 
vcltaga  on  Ci  lo  mided  to  the  voltage  applied 
to  iho  rectifier  and  CS)  thus  doubling  tho  posh 
voiisg'a  at  no-loed.  For  circuit  3  of  Fig. 
1-49,  tha  d-c  positive  is  common  with  cue 
side  ci  tbs  input. 

3,  Common  capacitor  leads.  Circuit  C  of 
Fig-  S-49f  ifl  of  Intercut  because  the  nega¬ 
tive  leads  of  Ci  and  Cs  are  common,  per¬ 
mitting  a  oingle-contninor  construction.  Cir¬ 
cuit  D  lo  similar  to  circuit  C,  except  that 
the  ecanmcn  capacitor  loads  aro  positive.  For 
circuits  C  and  D  there  is  no  load  common  to 
both  t.b.)  load  and  tha  input  alternating  cur¬ 
rent. 

S.  Eerlos  capacitors.  Circuit  E  o?  Fig. 
i-40  ia  a  full-wave  doubler,  whara  each  ca- 
p.-citor,  C,  and  Ct,  is  charged  on  an  alternate 
half  wave  of  tha  a-c  input,  and  both  are  dlis- 


°U.  S.  latent  1,013,354. 
fU.  8.  Pried  3, 173,881 


charged  to  eodos  (ttureragU  tfc®  lost?,  TiBss 
full- trav o  doubler  has  tits  bad!  rogulatloa  e3 
tha  doubter  circuits  ebown.  £loco  it  rosy  Es@ 
con  rids  rod  aa  two  Iialf-wavo  circuits  baefe  to 
bock,  tho  doubter  will  have  twice  tha  volte-go 
drop  so  each  corajmsit  half-wave  eircdl 
For  tbs  full -wove  doubter,  any  ona  of  ocvasrcl 
potato  may  bo  grounds  a.  Often  this  lg  isa 
point  X,  eo  that  a  positive  voltage  afeocna 
ground  and  a  negative  voltage  below  gxosad 
aro  available.  This  particular  iirr&ngoEstsi 
la  typical  of  precipitator  systems. 

4.  Sorio s  r-osletors.  As  a  final  nolo  esa  tfhn 
cirailio  of  Figure  1-49,  whenever  capacitors 
are  in  too  circuit,  a  series  reoistor  So  i sa¬ 
por!  ant.  This  provcaits  tha  large  Initial  surg© 
of  current  when  tho  capscltoro  aro  uncharged 
sn-d  just  an  important,  St  limits  tiis  peak  cs-- 
ront  which  occurs  at  c~ch  half-cycte  c&  cp~ 
orstiem.  R  may  ho  5  So  100  ohms  for  emj-sZ 
doubter  circuity  of  1  to  500  d-c  m»„ 

Quadruple)-  Circuits.  Voltago  quadniuJcro 
ornploy  a  carte  a  oi  Saif- wave  rectifiers  So 
dollvor  a  laid  voltago  appi-oxima.toty  fear 
tlmoB  tho  a-c  Input  voltugo.  At  no-load  each 
sccticn  roctifioo  anct  etoros  tha  paak  iavors® 
voltage  developed  across  tho  roettfiojr  of  tho 
previous  ucctteu.  CcaflJ, daring  a  as  a  stags  ei 
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losS  eerrsKi  asd  te 

the  frequency  ttess  Mm  «8gs8eStes®J 


Fig.  1-49,  Single  -phase  volteje  -doctor 
circuits. 


doubling  (each  n  takes  2  capacitors  cod  3 
rcctlilcro),  tho  voltago  drop  V  water  a  sturdy 
load  of  I  amperes  is* 

V  a  tJ/tC)  (3.rs)/S 

v/hcre  t  lo  epo  and  C  Is  farads.  TMo  ebows 
that  t.ho  drop  ifl  directly  proportional  to  tbs 


1'igura  1-6©  shows  to ©  gsiMrtsjfi&sr  eiretaia, 
with  a  peak  no-load  4-®  eatptt  «f  SMS®  E  am 
volte?  wfesra  SEe  is  tha  M  y-  e  isg«i  veSfeg®. 
Each  of  these  eireraite  msg  M  sMoedsd  to  *ay 
repirei  BiKsifeop  dfftsgea, 

1.  Series  fed.  Figer®  1«§0(AS  is  a  g@srfe®» 
fed  sjua&raploir,  ths  peak  tomrsm  volts g«  si 
each  rectifies  is  2.88  Tte  gaak  volteg® 
across  each  capacitos%  exeegt  Cj„  i®  MS 
gat;  the  posh  voltage  across  C>  is  L42  !?-3< 
Bach  capacitor  carries  a  different  testates!©- 
oas  value  of  alternating  current;  G i  has  4i„ 
€9  has  Si,  C3hao  21,  sutd  C4feas  i.  For  this 
jreacoa  it  is  customary  to  use  cagradtor  votes 
el 

S)  o  2C  g  o  SCg  ei 

3.  Parallel  fed.  Figure  i-SHHBjisaparaSM- 
fod  quadruple  r  where  tb.o  curresfe  through  sM 
tho  capacitors,  ensopt  C* ,  are  aUlso  DEd  c^usS 
to  3i.  Through  C4  tho  cur  rout  is  L  Tho  pais 
inverse  voltage  of  each  rcctifflor  io  3.83  SC2. 
Tho  pools  voltages  across  the  capacitors  aro: 
Ci  has  1.41  East  Cs  has  2.8«  Se»,Cs  has 4.2$ 
Ebc  ,  and  C«  h3n  8.08  Bet.  Osa  feature  cS 
Fig.  1 -80(B)  is  fciiai  Cj  and  Ca  have  eoss~ 


SERIES-FEP 


PARALLEL- FED 


Wsdiser,  A.  B,  IL,  tVirolsca  World,  Uity  1643. 


Fig.  t-80.  Slngls-plsass  vol lego- ,,r«liruj iter 
circuits. 


Y  ]  0-e  POSSTSVS 


men  negative  leads.  TSt®  common  lead  eS  €$ 
and  G«  mss'  be  the  d-c  minus  isnsi  fo.y  to 
equipment,  and  gretsEfi. 

loiters.  fangie-pSuwe  recUf  ers  ara  largely 
asad  for  eiectfoalc  dirasite  ■.  jsffe  ssnesthstS 
direct  currents  of  0.1  to  500  see  are  required. 

,  Since  even  the  lowest  ripple  facto’  is  48 
percent  {see  Table  1-0),  a  Altar  must  be 
provided  to  smooth  the  ripple  to  an  acceptable 
value.  Figaro  8-2S  shows  one  section  oi  each 
of  the  filter  types  in  common  u m.  As  a  work¬ 
ing  guide,  d-c  currents  from  E9  to  500  ma 
use  LC  Alters,  and  currants  from  0.1  to 
100  ma  use  JftC  filters.  The  range  from  S9 
to  100  ma  eaa  usa  either  fitter. 

Threo-Fhaca  Clrc?fito 

Most  medusa-  and  Mgh-powored  znetsllic 
rectifier  applications  ueo  threo-phaes  cir¬ 
cuits.  One  of  t fee  major  reasons  is  tiio  low 
ripplo  in  tea  d-c  output.  For  a  threo-phaos 
Ml -wavs  amuigoment,  too  ripplo  Is  only  4 
percent  without  tutoring.  The  characteristi¬ 
cally  low  ripple  content  also  makes  throe- 
phnso  circuits  more  sultnbla  for  soma  low- 
powor  applications,  hot  only  is  it  simpler  to 
filter  the  output,  ’cut  tea  lack  of  rippio  ir.di- 
cates  that  t!io  heavy  inrush  cl  current  to  a 
capacitor  load,  always  tnia  of  elagla-phsmo 
roctlfior  cl  rod  to,  i«  net  prscont.  Although 
the  tlireo-phaeo  half-ivavo  circuit  has  the 
hi  ghost  ripplo  of  all  three- phase  arrange¬ 
ments  (19  percent),  generally  all  three-phaso 
circuits  are  rated  alike  for  all  loads,  regard¬ 
less  of  their  individual  ripple  content.  This 
illustrates  tea  superiority  of  three-phase 
roctlfior  circuits,  cine  a  the  lowest  ripplo 
content  Available  In  single  phase  circuits  is 
48  percent,  which  require  a  derating  for  ca¬ 
pacitor  sod  baits  ry-cfarglng  loads. 

Half-Wave.  Two  three-phase  half-wavo  cir¬ 
cuit  a  aro  shown  cm  Fig.  1-51.  For  all  londa, 

E„  »0.80S&  ri)W 


Pig.  \ -51.  Thro® -ghosts  half-  wave  c...  suits. 


Full-Wave  Canter  Tag.  Tfea  circuit  shows 
in  l'lg.  1-52  (fop)' la  aico  known  as  a  is -phase 
star,  and  carries  tea  hlgfeo-St  current  rating 
ai  the  three-phase  circuits.  For  all  loads, 

E„/S  «  0.74  *  N{Dv} 

It-  O  0.41  ijg 
Ripplo  frequency  «  Gf 
Approximate  rigpla  «  4  pawssaJ 


1„5  ™  0.58(5 !,?,  The  center  tap  ‘removes  steady  direct  current 

Ripplo  frequency  «  St  from  too  transformer  secondaries.  A  major 

Approximate  ripple  «  19  percent  advantage  of  this  circuit  Is  test  the  eerier 

taps  oi  each  transforms?  secondary  and  erne 

Ths  dl ndvantsgv  of  the  threo-phsuro  half-  d“c  load  arc  cowao*  sal  can  ho  grounded, 
wave,  as  with  the  slnglo- phase  half-wave 

circuit,  is  that  direct  current  flown  in  tho  Full-Wava  Bridge.  A  popular  three-phaso 

transformer  secondaries.  St  1e  seldom  used,  circuit  ta  shown  la  tfes  bottom  diagram  ok 

with  the  exception  that  the  two  circu-ts,  Fig-  1-52.  No  steady  direct  current  flown 

chown  In  Fig.  1-51  can  bo  used  together  to  in  too  secondaries,  and  the  ripple  is  only  4 

form  the  more  attractive  three-phase  cir-  percent  The  expense  of  a  center  tap  So  ellm- 

cult  with  no  direct  current  in  the  transformer  touted.  The  d-c  los.d  ia  usually  grounded; 

a  a  ehowa  In  ths  top  diagram  of  Fig.  1  -52.  n-cxio  of  the  transformer  seconds  rioe  may  b© 
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grounded.  la  tMa  eats* 

2ac  «  0.74  gj, 

I«tK0.85  2^e 

Ripple  frequency  a  Sf 
Approsisa*fc'  ,r,Bpl®  c»  4  parses* 

Figure  1-88  show*  Sjjfee-phaee  reeKMcsf 
navelormCo 

PRACTICAL  CONSIDERATIONS 
I?QR  USING  RECTIFIERS 

The  foil  crying  material  may  ftid  dcslga 
engineers  to  apply  rectifiers  go  that  the 
reliability  of  the  equipment  for  wliicfe  tto 
Varices  supply  power  is  aot  unduly  coxnpro 
saieed.  The  recommendation#  are  the  result 
of  yesus  of  experience  with  selenium  recti¬ 
fiers  and  are  arranged  so  that  material  ap¬ 
plying  to  all  types  of  rectifiers  cornea  first 
followed  by  specific  <Ma  oa  selenium  units. 
Thor©  id  not  yet  suffleioat  experience  with 


CENTER  TAP 


BRIDGE 


Pig.  1-63.  F/a veterans  ia  fcava-yhise 
seciiSliPilop. 


gonnsaiesa  sad  slMeca  ta fits  to-be  as  cji'ScMls 
m  is  possible  with  the  oMar  mate  rials. 

General  Secoaussndaticcg 

Putting  into  Sar-iica.  si  a  ssw  drexilt  Ie 
being  triad  tor  ££$  flrsl  Usee,  a  good  pxt» 
cedars  is  to  apply  SO  poreeGt  ei  ifoa  ratod 
input  cite  resting  eu.rrewt  nad  to  check  all  4-& 
voltsgca  before  bringing  R?  ttta  a-e  voltage  to 
normal.  A  variable  au  totraaaf© me r  is?  ujbc-M 
for  this  preliminary  check.  B  also  taiga  to® 
reciifiar  IS  U  hsu?  nst  beojj  ssaed  recently. 

SNVSKCS^MStrTAL  EFFECTS 

Under  normal  oparaiing  ecsdSticns  recii- 
tiers  will  perform  as  expected  with  10*53  life 
and  no  maintenance.  It  is  coaceivable  that 
abnormal  environmental  caasStiesis  will  cans© 
trouble.  Bams  of  ther%  are  sa&fcia  encountered, 
but  they  may  occur.  This  section  applies  to 
external  environments.!  co.jdlHous.  With  tem¬ 
perature,  for  ©sample,  the  overloading  and 
cooseqaest  aworlssstb.ig  of  a  rectifier  is  oai 
considered  hare,  but  only  the  external  con- 
dltions  cl  ostra  high  and  ©alra  low  teas- 
port!  hire  a. 

Temperature.  With  vary  high  and  very  low 
tetnperafiirea,  the  different  oapansdoa  rs.?*e 
of  the  component  part*  of  a  rectifier  may 
cause  mechanic  ai  ptresaes  between  tho  cas- 
pen-eat  parta  Ths  tnaxiffiuas  allowable  tes>- 
perstere  depends  o»  ths  particular  declga. 


N— 
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,  ^  -  -  ■  •  -^7t,p«WT.c  •■ ' 


4S 


Mgggttag.  ©a  mi  put  to  s*sctifisi?@  tss±5r 
a  cfeaoMs  if  it  i@  feasible  to  put  these  ea  tego 
Tk3  osisra  beat  radiation  aad  air  clroilaffl®a 
piE  feslp  ths  rocSifisr  if  it  io  out  is  to  class’. 

Keta:  Wbsa  a  solesfium  wAt  fells  M  glvo 

Gil  a  peafoat  ©Ssm1  (hydregaa  cslsaSta)  wMefe, 

alfesragk  dioagr@®abls,  is  not  danger®®®  £T 

to  s'oojb  la  adstpsaiely  vaatiiatesL 

Cool  Spot.  Put  to  r®cM*\sr  In  to  eeolQct 
spot  available.  If  convection  cooling  is  tsss&3 
(to  rectifies’  should  bo  near  the  bottom  cS  to 
©tKlosara,  raitls  Urn  waraer  compcsestte,  scda 
as  traastorraoi’a,  above  it.  The  chisBEay  effect 
will  draw  air  through  tbs  otack. 

Keop  Away  From  Hot  Components.  Bo  asal 
ma&sS  rectifiers  near  components  which  aro 
feat,  G*.:ch  as  power  transformers  or  power 
tebes.  Put  tho  rectifiers  near  capacitors  car 
e-tor  cossponsisto  which  run  relatively  coal, 

Veslllate.  Bs  bus’s  io  allow  adequate  vcntt- 
lotted.  Inside  a  closed  small  bars  the  recti- 
So?  will  not  bo  able  to  get  rid  of  its  heat,  ned 
Ita  life  and  currant  seating  r/itt  be  limited  hj 
to  teaporaiaro  rise. 

gottSar -Quickly.  Solder  all  connections  qukk> 
!y .~UHa^3quaie  heat,  but  do  net  overheat.  A 
too- cold  iron,  applied  long  enough  to  eoldor 
will  do  more  damage  than  a  quick  touch  with 
a  hot  iron.  Alloy  of  63-porcont  tin  and  S7~ 
parcels!  load  motto  at  too  lowest  temperature 
of  to  available  Un-load  series,  and  has  s 
small  plastic  range.  K  ie  Ideal  for  eoldertng 
pi  nail  terminate.  To  soldo?  short  pigtail  loads, 
nek!  the  load  in  the  Jaws  of  pliore,  with 
pliers  toward  to  slack.  Thlo  will  boat  to 
plier*  rathor  than  to  clack.  Use  only  rods 
tta;  do  not  use  acid  flurs. , 

Humidity.  Lot?  hnsildity  So  no  problem  tos- 
caussT' rcciiOorc  work  beet  under  Oils  can- 
dition.  High  humidity  affects  tho  leakage  acros® 
t  .'ulatioa,  and  11  the  moisture  po  not  rates,  s 
change  in  cell  charactori slice  may  occur.  Et 
io  a  seemed  that  the  humidity  is  never  ICO 
percent,  which  would  bring  up  tho  problems 
discussed  in  " Immersion," 

Immersion.  For  e-emo  special  urcs,  par¬ 
ticularly  with  high  voltage,  rectifiers  arc 
tmmarsc-d  In  Insulating  oil.  Chock  with  to 
manufacturer.  No  damage  results  from  oil 
imroereion;  in  fact,  the  rectifier  in  both  cooled 
and  insulated.  However,  fresh  or  salt  wate? 
floods  may  accidentally  surround  s  rectifier. 
Frosh  clean  water  to  not  too  harmful  if  to 
rectifier  Is  doenorgiaed  and  adequately  pro¬ 


tected  fey  §a&&.  Dirty  £ras&  water  is  fearaM, 
aM  salt  tastes’  is  tawiua. 

ia&tesl  (oeSealKfia)  tsMts  eaa  wltbstsmfl  .to- 
saorsifis.  Ito  eafy  juM  ts  sks-ett  ton  la  &$ 
osiers®!  feasMissi  of  to  isrsateakj.  Bo  owa 
tei  all  prse*  te  Sts  rectifies  is  eS  Wlase> 
Escfefag  £ar  smte&i ami  &zL 

Cgrgcgtog.  Uartoo  dsrresiv®  ageate  aro 
sfioa  prassrl  5a  to  air.  Oaa  o3  those  la 
ijpray,  wMefi  Is  common  ts  tesiallatioaa  m 
atsstea  Q^igszmt  Is  to  laboratory,  tsalt- 
sgray  essHsitiiKi®  ax©  gfetulated  to  tor,te. 

APPJJKJAIBOS 

SsvsraX  gsssral  application  hints  for  goes!® 
eonduefor  reetifters  aro  given  bslot?,  foU.ot«5d 
by  eoses  feat  aiiply  cpociacslly  to  tsslosfioa 
rectifisra, 

lira  VcHagg.  So  Eoi  tak®  to  granistS  tbri 
to  iXbi-vdSjScs  is  actually  115  volts.  Sense 
lecalitias  tma  pomiy  regulated  uyatesae  UiM 
may  supply  rp  to  130  volts,  altho-ugh  thir  is 
jmS  osssat.  fehjcMtfl  power  ibiss  which  or® 
230  o??  239  say  actually  to  m  Mgfe  m 
at  Co,  ■  jsart  c!  to  day  or  tilgliL  E  is  Its » 
yortant  m  tmu  to  smjdj.mmi  einco  rsctlSere 
aro  sene' five  te  rovorm  voltages  greater 
than  ttolr  prsls  tovorss  rating.  Reverse  volt- 
ago  failure  5a  sol  a  gradual  aging  effect.  T^@ 
rectiJSor  Easy  pssscwire  or  to  osseoaeive  18S 
heating  will  caass  rapid,  or  lniBodl&to,  breafe- 
Scr-.ro, 

Roverea  Rstteg.  0o  not  forget  to  doable  to 
reveres  raSas  rcqulreracat  whan  capoci torsi 
?n‘o  used.  Although  the  of  ISO  volts  Is 
113-5  volte,  a  hali-wave  rectifier  used  todnrgt 
a  capadt.vr  tos  to  withstand  363  volts, 

Poak  foitagga,  Ifnliko  slectsm  tube 
fisrs,  oemicosdutoor  recUftera  have  to 
“r/arnuip"  tisra.  Pull  d-c  output  voliag-s  Sg 
avsllablo  an  000a  as  to  rectifier  is  connected 
to  an  a-c  sosree.  3,  thereforo,  tho  roctiftor 
load  d-ovv  ml  draw  current  a 3  soon  as  it  la 
cvnllable^  to  full  no-load  wltago  will  be  im- 
prssccd  ecrcss  to  load  and  alc-o  acsvias  a 
filter  capacitor.  To  prevent  damage  to  to 
equipment  from  ouch  an  cccurett-O,  p'T  la 
eoriea  with  tho  l-ectifior  and  tho  power  lino, 
some  current  limiting  device  (such  as  a 
thoririf.ter,  which  has  high  cold  ruaislsncs 
and  low  feed  r&sElstance. 

Polarity.  In  ttcing  electrolytic  capacUon?, 
bo  cure  o!  the  pohuity.  Coimocting  iha  ca¬ 
pacitor  backward  sill  alinosi  cortnlnly  damags 
to  roctifios’. 


C- 


Puss.  Slagle-phas®  filter  dr  cults  uaiag 
largo  capacitors  taay  profitably  ma  a  ifwcs 
1b  Esriee.  TM»  will  protect  the  rectifier  la 
casa  the  capacitor  should  oho; '  circuit.  Tits 
fuco  day  tos  quits  largo;  fuses  rated  at  five 
times  tfas  d~s  load  ajxresd.  stoaM  Saefe^ssate. 

The  following  hint®  w&  give®  for  ths  ap¬ 
plication  of  salealum  rectifiers. 

aiialf  Life.  Rectifiers  in  active  usa  will 
a  rialntheir  ability  to  block  reverse  voltage. 
A  rectifier  kept  unused  on  tha  shelf  fox 
months,  or  cue  used  in  a  cricuit  with  only 
forward  voltage  applied,  may  lose  some  of 
its  re  versa  blocking  ability.  Such  cells  may  bo 
reformed  in  minutes  by  gradually  applying 
thair  rated  voltaga,  This  is  preferably  dons 
with  ao  d~c  load. 

Maintenance  »  selenium  rectifier  requires 
so  maintenance,  Keep  it  cool,  put  it  to  work. 
However,  tho  bus-bar  bolts  should  bo  chocked 
for  tightness  after  a  few  months  of  ima.. 

Aging.  All  solarium  rectifiers  change  v/itb 
agep&ofi'  forward  resistance  increase- .  This 
factor  varies  widely  with  conditions  and  with 
manufacture.  Soma  cello  change  laea  then 
others,  but  they  all  chango.  Actually  &  103 
percent  increase  In  the  forward  drop  is  csldom 
serious  whoa  proper  precautions  are  taken  to 
circuitry.  Means  must  be  provided  for  applying 
a  oiightly  higher  a-c  voltage  to  the  rectifier 
to  maintain  the  specified  d-c  output  voltage. 

Meclanlca.1  Damage.  In  bolting  on  bos  Kars, 
be  sure  that  rectifier  terminal.:*  are  net 
twisted.  It  to  good  practice  to  bold  both  bolt 
and  nut  with  separate  wrenches,  so  that  no 
torquo  la  applied  to  tho  terminals.  Mounting 
bolts  and  studs  which  hold  the  clack  together 
are  correctly  set  with  a  torque  wrench  at 
tlrO  factory.  Do  not  tightam  U  la  possible  to 
crack  the  contact  between  spring  washes-  airi 
selenium,  rendering  the  stack  Inoperative. 

jackets.  Oa  small  cclnnium  radio  stacks, 
the  mounting  brackets  may  face  the  rcctifior 
the  wrong  way;  the  terminals  should  perhaps 
come  out  at  sonis  other  angle.  In  loosening 
ths  ->ut  ’hlch  holds  tho  bracket,  be  sure  to 
avoid  ‘"’-m.sg  the  nut  holding  the  osd  ci  the 
stock.  Thia  wifi  prevent  breaking  ths  paint 
seal  which  holds  the  spring  washer  securely 
to  the  count  ft  re  led  rode.  Ones  a  stack  has 
been  painted.  It  l»  not  possible  to  change  ths 
relative  angles  of  the  terminals  protruding 
from  the  stack. 

Do  Hot  Baud  th-e  Plate-a.  Thto  o spec i ally 
applies  to”  tho  large  platen  in  power  seseko. 


FlesiEg  tea  bass  plate  may  mdt  teegalesfesa 
o?  fee  contact  between  ths  spring  wssSex  sad 
the  eeante rsiectrode .  CrarMng  either  t&sas 
trill  damage  tho  rectifier. 

rairl  to  Not  Insulation.  B©  sot  dsgsed  ©mt&a 
paiat  elating  os  an  indiiatosr.  Space  fee  cells 
away  freass  conduct tag  menubars  of  ail  Msds,  - 

Flaw  Dstectioa.  Tfeo  conaectiGns!  festwee* 
eprteg  wfu'her  and  alloy,  bolted  ceassectiem, 
palsJ  covering  spring  washers,  sod  Erissstai 
plates  should  all  be  Inspected  vtaelly  fox 
crack®,  Saws,  and  ocas  coaseciicss,  Lease 
boils  are  rsr.dily  detected  with  &  torque 
wrench.  Electric  j  chaxaetorigilec  fcbuaM  be 
tasted,  specifically  tho  forward  dross. 

Cracked  pedat  usually  is  serious.  ESol store 
will  enter  oaca  the  spring  washer  has  moved 
p.wsy  from  tbs©  countsreloctrodc,  fexsaus®  tits 
spslsg  waster  seldom  returns  to  Its  original 
proper  pinc-s.  Minor  cracks  wfefefe  do  &A 
vJdect  electrical  tests  can  bo  tauefeed  eg  with 
imlat.  Loose  bolts  3  readily  ttgbtesnL 

WartrcamstA 

Corrosion.  Salt  spray  Is  tit®  men!  Htssly 
fisooe  st  corrosion. 

Haavy  print  coatings  bated  css,  Is  esvoraS 
coats,  prevent  salt- spray  damage.  Tfes  whole 
metal  &tT«ctaxe  should  bo  properly  pristsd 
altar  terminals  are  connected. 

flight  ®o.m?siew  oi  tbs  tormtaal®  saa  fea 
washed  t&  with  wrier  or  carefully  teogteg 
away.  Thsa  the  rectifier  cm  fee  fcaseted  af 
with  saresper  print,  * 

Vary  high  humidity  car.  cease  coarrasicseS 
bare  metal  'terminals.  Corrosloa  ssssy  also 
cccmr  by  a  poor  paled  covcrigo  oa  g?s!-ssiu*n 
rcctifior  piste s.  Electrically,  tte  fesck  ro- 
Ki (dance  wiil  dsc rosea  below  an  awsffi'-ibto 
value.  A  grcv.nd  test  will  also  show  ts*®ia'4o?i 
toaksga.t) 

Sicctrical  equipment  in  oporsttes  sarsaJly 
Vitos  a  dsgrco-3  wsrnsor  than  ita  esrroscA. 

i&g-S.  Ttiig  re  doc  e-a  the  relative  he's',  lily  :-ttvS 
help#  OS® situation.  Income  csscvs,  ths  rectifier 
may  be  loft  energised  (possibly  witfsesfi  d-c 
lesfdj  to  fcaep  it  tvarta  and  dry, 

*  tipi  at!  s-.ro  cosRjBjiiMa  ASS  ® 

r«cbflarr  'heck  t/Kh  the  jnsietdacturiEr. 

fla  sill  ceaea  oi  stectricri  tesla,  t&»  i-jctffiss 
sltctofl  tii'-et  fc*B  mcplctsiy  d!  6'eoaos-eSa«  fttssn  iia 
aseccUSod  electric  tl  ftoctot. 
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I!  a  rectifier  show*  sigaa  cS  eonrsota,  a 
should  £3  cleaned  tfior®i’s£%. 

Brush  off  corrosion.  Cfcecfe  electrical  char¬ 
acteristics,  reverse  currents,  and  grousd 
test  Clnsulaticai  to  gresE-iS).  Teach  1155  any  bass 
Bps  to  ess  tba  rectifier  pii£as. 

Sand  and  ^ust.  The  dreslation  ol  sand  tatsJ 
dust  must  be  considered  with  fan  -  cool  ed  recti¬ 
fier  units.  On  a  much  smaller  scale  than 
sandblasting,  forced- air  cooling  removes  sur¬ 
faces.  It  io  possible  that  tha  dust  frosa  ioxeca- 
air  cooliag  may  bo  cor  ro  viva. 

Tbs  leading  cell  edge  d  a  selenium  stack, 
where  air  flow  lilts  first,  should  ba  carefully 
Inspected.  Tha  shiny  paint  surfaces  an  tto 
rectifier  plates  loea  thair  smcothneca  and 
show  a  rough  texture.  Undar covers eendiii cca, 
the  bare  metal  will  show  through, 

Lai  ye  parti  cloo  in  tha  sir  stream  can  ba 
trapped  with  a  mechanical  filter.  Small  par- 
ttcles  can  ba  gilmlnated  by  an  electrical  pre¬ 
cipitation  method. 

Paint  may  bo  touched  «p  whore  bare  spots 
show  or  whore  the  surface  to  badly  eroded. 
Unless  corrosion  la  also  present,  ‘ho  elec¬ 
trical  testa  should  show  normal. 

Vibn£tion_  and  Shock.  Vibration  io  a  mors 
or  lose  continuous  to-aod-fro  motion  with 
relatively  low  amplitude.  Shock  in  a  very 
heavy  blow  which  seldom  occurs.  Rllbcr  can 
damage  a  rectifier.  Vibration  at  a  natural 
frequency  0 S  a  stack  mechanic nl  structure 
will  build  up  a  resonance  condition.  Shock 
Is  somewhat  iho  came  because  niter  s  heavy 
blow,  tha  rectifier  vibrate- 2  at  Its  natural 
period  (or  He  several  natural  periods)  ol 
vibratioa. 

Tha  rcauilB  el  vibration  and  shock  are 
cracked  seals  between  cotasecttons  and,  pos¬ 
sibly,  other  mechanical  da&ra^e. 

Shock  or  cus  ill  an  nnxnriln.es  arc  eaten  dr- 
nirabir/  In  pi  overling  vibration  or  shock. 
Some  severe  caws  Indicate  multiple- tvtod 
assemblies  &he..ld  bo  usi'd  rather  than  the 
elngle-'Etud  eonotru-ciloa.  !a  general,  the  :du- 
rtUiTum  base  plate  far  selenium  Is  better  than 
tho  alternative  one  oi  heavier  metal  bass 
plates.  Selenium  recti (t c ra  with  5  large-  area 
contact  arc  better  equipped  to  take  vibration 
and  chock  ttua  tho  sraallar  area  sultcoa  and 
gcraiaclufu  rectifiere. 


.Mr  Preasare,.  As  a  mla  thars  ara  grafiM 
air  pockets  in  celoniura  rseilfior  stacks;  forr 
eimrapla,  between  the  spring  contact  woahos? 
and  tfea  couwf  .irelectrcd-3.  Under  cover®  cos- 
ditoafl,  r  '  -n  double  aonaal  atiaoapltarle 
jjs-eestii-e,  tea-  ',  air  pseketo  asay  esspasaS  sa 
ecatract  ssflagh  io  break  tha  point  coal  e? 
tks  washer  and  counfsrslsctrodo.  ffigh-voltegs 
rectifiers  (of  5S500  volts  or  over)  may  exhibit 
corona  effects  cA  mry  low  air  pressure. 
Because  of  the  sence  of  ozone  during 
oo.’^spa,  these  effects  are  skailsr  to  corresioa. 

VI  ,i  incpectloa  may  disclose  IE  offsets 
d  air  proscu ra,  or  a  crack  ia  tfco  bass  pl&to. 

A  heraefically-e-oaie-d  roctifior,  designed 
and  tested  for  the  anticipated  air-pressure 
ranges,  will  cot  have  alr-presmxro  trouble  a. 
Another  prevention  method  ia  to  placo  ih. 
rectifier  in  a  container  kept  near  atmoopfeosle 
pres, 'jure  (rilus  or  minus  20  pare  cat). 

ITieloar  Raatatiang.  Thera  are  many  possible* 
radiations  to  consider.  Tits  ccmmcntfl  kora 
are  tentative  sed  subject  to  revlBlon  as  more 
taforajatica  becomes  available.  Bombarding 
ilia  rectifying  material  can  cau.cs  dr\~>i.vgc  to 
the  electrical  prepertien.  It  la  ospsctc^  Ssrl 
sclcniuci  will  fe;  only  oLlgiitly  affected  efneo 
St  is  sot  primarily  dependant  o-u  a  eto.gls 
crystal  siructsirs,  as  are  silicoo  m-A  gsr- 
suuiiuia. 

Test  data  reported  18  February  1957°  indi¬ 
cates  tiis!  &■* Ionium  rectifiers  suffer  no  per- 
efiatisnJ  «tasargo  ar.d  arc  lean  harmed  during 
fsdtatica  than  arc  germanium  and  ailicoa 
mrtiiiera,  Tho  latter  ubUo  suftered  changes 
to  reverse  resistance  cl  si^rosdmaioly  two 
orders  of  magjjltccs.  It  should  bo  romombai'cd, 
fcowiver,  that  tbs  Initial  reveres  resistance 
ci  cdilcors  cells  1-a  much  greater  than  thai  of 
selenium  or  gcnaanluBi  uinitt. 

A  star-dard  electrical  test  ebo-uM  bo  mads? 
cl  both  the  forward  and  ra  verse  character¬ 
istics.  A  detector  may  bo  used  to  indicate 
cove  re  radioactive  ei'fcctn. 

fAmshlnc.  Stiico  a  nhcSovo-Haic  cell  can  bo 
Buwie  "ol  selenium,  H  lo  pose-l Wo  that  power 
rectifiers  will  change  characteristics  cksc 
to  sunlight.  Tbs  resuitac!  litcrcaEa  tn  leakags 
Is  usually  !•-■  M.gib.le.. 

Fungi.  F  i-i  tn  tho  United  States,  thsro  are 
taaay  k-  -.liens  vrhsre  fungres  grosfth  Is  a 
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problems.  Fuagl  most  read%  m  ©rgaaie 
mater! -Is  such  as  fesislatiea,  ted  also  grow  ca 
plaint  surfa csa  safl  ca  slightly  dirty  SjaMiasM 
owrfaeea. 

Fungicide  feSefesa  ms  £ta«s£3E&  2e?  etfcuijp- 
saent  used  la  Essay  parte  ©2  to  wmtM.  Tin 
usual  rectifier  paisst  (Staged  sa  ia  esreral 
•ccBti?  for  satt-sg?a.y  resitsJacssg  is  eavared 
fey  a  Sraaglcide  tssraleh.  After  bare  raoie! 


terminals  are  craEseted,  a  tagleMs  varaSeis 
isaay  ba  applied  to  fee®  ale®, 

Hiere  lo  m  e&Msfectory  method  ef  ro= 
conditioning  ©see  togas  growth)  tea  Sahea 
glass.  There  may  fes  raceea-  or-  undetected 
damage  to  tbs  rectifier.  It  is  camefe  vafer  4© 
replace  the  esit  with  a  new  one.  It  io  pssoifelo 
t©  remove  togas  from  connecting  ter  <a  msd 
eableo  by  mechanical  tosphiag. 
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tronlc  equipment.  A  power  oupply  built  around 
tho  vibrator  oliminnfos  the  need  for  a  genera¬ 
tor  or  iynamotor  where  only  moderate  amounts 
of  power  are  needsti. 

Tiio  advantages  gained  by  using  such  an 
approach  to  t ha  mobile  power  supply  problem 
are  good  efficiency,  small  sl&o  (vibrator 
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pwar  supplies  ss*8  bs  teiii  tot®  tbs  acocm- 
feBes  they  eneFgfee),  light  weight  {4  to  8  trait# 
c?  eutjwt  poses’  par  p-irand  aS  weight),  quiet 
ci?2?atsou,  Iovj  saei,  provieioa  tor  different 
ca3j?ri  voltages,,  ssstil  ssBcasrl  c2  radio  inter-* 
fasesrce.  ease  of  replacement,  aed  4-c  wait  ago 
c®tf®to  op  to  J.6t@  volte.  BioadfaastegestBClKde 
go®?  voltage  regulation  and  ifca  Eaeeesity  of  a 
I-ow-o^eraling  ternporafure.  Tho  absolute 
raasiseuan  tensgrorahire  is  atesot  85  C  and  the 
asshteat  temparatou?#  should  sot  escosd  55  C 
fear  kseg  contact  life.  At  low  tefaporattsrcL’,.  the 
ribsator  will  toed  to  warm  itself  op,  asii  thus- 
viteator  life  la  &d  affected. 

T5se  basic  Qlssoeats  cf  tias  vibratos*  are  as 
electromagnetic  coil  and  se  Erssaturo  that 
carries  a  oet  of  eeatecto  (sc®  Fig.  1-54).  Ap¬ 
plication  cl  the  proper  drive  voltage  creates 
ea  electron ague  tic  Gold  that  sauces  tho  n.r- 
rastoro  to  sv/iog  }a  cos  dlmctioa  to  contact 


iPtg.  i-Si.  VS' ;::io rs  nrs  tccd*s t  In  sUo 
asrx}  vraljM,  >~i>y  ha  ecjlcd,  fvsrmit  pjug-la 
ta3taU*ltem.{P.  EL  Mallory  S  Ox .  ln<-.) 


ms  cS  a  feed  gate  cS  ©sotssts.  Fa  os©  mmrm* 
ttonal  circuit,,  tide  ssottosi  ojtan  -*  a  mi  o£  cm- 
tacts  ia  caries  with  the  drive  cdS  psradf&lag 
fca  ©lectassaagisfitic  field  to  soMsjsss.  Spring 
loading  psSlo  tbs  ammatasra  is  *hs  c^jssoSi© 
dlswctica  sem3  cameo  SI  t©  ttss  getot  wfeairo  {& 
class*  ca  the  second  feed  contact.  TMsactloa 
cccdcmes  to  cyclic  fesStioe  as  long  asltesMv® 
voltage  5  a  applied.  Ths  fmjuaacy  of  sgsorsties 
is  a  coenpattEd  fuaetioa  si  the  araatisr;.  sms© 
oed  travels©,  opriug  tsastoa,  sassd  alccfcre- 
magastte  tta  dasssSiy. 

Tfea  make  and  feresak  actio®  c£  the  contact© 
tatsyy«£ia  tfe®  application  of  jfoocr  to  tbs  pri¬ 
mary  cf  a  stop-up  transformer.  The  vssytog 
flux  linkage,  wid oh  result*  from  this  eyelie 
SntemiptieB  oi  power,,  induces  s  sscww.'.jry 
wintstog  voltage  of  a  magnitude  eat  by  t5s® 
transformer  turas  ratio.  Recti i5 cation  «J  tM@ 
fcdgh  voltage  altematiag  curro&t  make®  svsil- 
able  direct  cusreat  for  plats  qparatiea  cS 
vaewarn  tab®  stags*®. 

T&o  principal  as®  o?  vibrator*  is  to  tade* 
mahile  raiSo  receivers  and  otter  saoMls 
coHsiounicatleas  eqi  tpansssf,  both  is  ririMr.c 
astl  tsiliUirp  applicstiGBa.  Vibrators  sra  @sj*c? 
in  other  applications  each  as  raigsalicg  «3Hip» 
niesi,  utiravifdet  pseepfictiHg  laetpa,  and 
Geiger  cooators.  Tfea  vibrator,  within  it's  p®«or 
ratings,  has  proved  to  be  s  catiafacior?  way 
of  obiai»)fig  <Sr«c4  c»rr*ot  tsam 

low  voltage  direct  cwrreat  for  bssadrods 
varlowf  mpdrements  to  the  electrical  e<jBig- 
mess*.  0  ,  rd. 

Vibrators  deliver  optimum  performswso 
vriwa  employed  with  prcparly  dosigned  tnas- 
lo?  mars',  piroparly  eelodted  baff#r  capacitor  cl 
and  other  circuit  eew&sm&i}  oi  ti»  pow* 
supply  pysitoia, 

TYPES  OF  VTSRATtma 

Single  Intorrupter 

The  moot  universally  ss»d  vibratos*  circuit 
Is  tho  simple  full -wave  intorru.ptor  illustrated 
In  Fig.  1-55.  Tiiis  wait  funcilono  Guests’.- 
tlally  an  an  clectrtoatiy-drivon  slngia-pale 
double-throw  switch,  causing  current  fromtha 
battery  to  flow  Qsst  in  ono  hsaf  and  th.-nln 
tho  other  half  of  tho  center-tapped  lra.nssos-i.wes' 
primary.  Tho  frequency  of  the  alternating 
voltage  induced  in  tho  secondary  is  dstor- 
mtiscd  by  the  rate  of  primary  circuit  inter¬ 
ruption.  This  secondary  volt  ago  may  be  recti¬ 
fied  and  filtered  l.u  *  conventional  manoor  to 
supply  »  hlgii-voltagu  A-s  output.  Tho  buffer 
capacitor  servoa  to  tho  buihtop  of 
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tecasted  fcSsettea  ^c3tagas  dith  matted 
gpartefeg  acorns  ibe  iaterwpter  cjsstscta  by 
te»ah^  tSu>  edcm&wf  dmsit  t@  pwto  a  ?aai 
that  ajftaasf©  s&or®  eaarly  waisltea  to  tSso 
p-lsaosy.  Tiaes  j&aglsMstemgter  vibrator  is 
cs.sffisa.ly  referred  fes  as  a  mmsysskvexs^s 
TflSsstose 

©pS  Msyg^sg 

Tis  <2s»S  i«tem®tes’  is  esed  d»aa  tor-s^ 
Jc3&-wS5s!Hrsg  sapa&Ultloa  a®$3  teg  casrviso 
Mo  sm  vm$a&  Tw©  seta  <r.l  cssSaets,  fS&T^a 
fa  Fig.  1-56,  ;4?®  nsssd  to  ssssas'gtee  its©  s*$>a~ 
rate  piisaariM  cf  &  special  vikvstov  tame- 
hmsas.  Tho  sdmtege  d  ibs  4b2?  teterrepter 
ties  to  spStelag  tbs  primary  cawest  required 
Is  &»  ranted  by  s  ®ei  el  emtaete,  w* 
dssjBg  srfeisg  osd  asteadteg  «»rsi«®  Ufa. 

BfasSmssssm  SleetSIter 

fba  ^yisc&wsssas  rerUftes?  fas  ®  gfe$*>  'rf- 

Ssefeto?  ifcst  aceesepltebea  t&a  4s»i  tecSsae  c5 
l^omytlej  4?rt  primary  d-c  rattagp  xsd  m» 
tiiyi'sg  fee  sacssstery  ss»s  sdtegs  |®ea  F5&. 
S-5K).  Esiewsiial!?,  ih®  syffirbwssocgt  raeSfSor 
ogarstes  as  r  dosa'u  -pole  d&sMo-  throw  evi  to  1*. 
iteed  la  ecesjcacUoffl  wilts  a  liable  fcrsss- 
farmer  sat  low-poos  ill-  ",  tt  terms  a  oasa- 
fvli'is  yeasr  je<S  for  .ssoblla  cppyraU«aa.  la 


asisg  IS®  aysjcJmnsisas  rectifier,  caa  fitte  el 

if©  sseasstery  M^sslsp  circuit  most  fee 
comment  dtfc  ess®  cldte  el  the  battery.  M  a3#» 
ties,  ti*s  polarity  id  tbs  high  voltage  will  ba 
dsterated  los  a  gives  tmssfomar  ee®a®e» 
tte  by  Use  polsrl^  d  tbs  battery.  Caw  mast 
fee  tabes  to  ohsorvs  tfe®  polarity  td  ife®  battery 
assl  iho  jaaridag  m  ti»  t^&chrm&iss  vSsrafeia? 
dm  sasI’Uag  an  testsEisMca. 

Hoyorslhlo  gyrslssmosa  Kocttfier 

fists  is  slmpSy  te  syjwta’esajas  rectiSss’ 
wli's-4  la  mob  a  snsasssr  tlmt  tfe?  gseirsd  M$h~ 
’vwistQS  wxiizii  polarity  my  bo  d4aiaa4  »*©*• 
gs-.nilsss  d  wHi'.h  pel*  d  ih-d  battery  5s? 
SKHssdad  As  efe0773  so  Fig.  1-68,  ®o  irU 
hvsAor  may  fee  te&il$d  la  oitfasr  of  bus  jsctsl- 
tt«i3f  pemittiao;  dtber  posltiw  or  Mga**# 
oetpd  wltbcd  attertog  tfc*  citUrtiag  battery 
gi’jsasd  peteri^r. 

%iit-H»s4  Sysseliro-asss  RocttScr 

0«o  o£  ths  aj4U-wo(t  syaebroaoms  reettfisr 
{es©  ?%.  1-60)  pormite  cUmiaatkm  of  tis® 
commea  conncctlsm  bstroesa  tho  blgb-voltAge 
artedbig  sasd  tbs  fewwc  TO.Ua.fro  battery.  Ths 
jsrfmtery  aod  ®&poi alary  drniUa  uUliso  toli- 
vUfaal  reed  Bogmmjts,  eteoUicaliy  ieodate^ 
ffrutts  ouch  etti.gr  Sad  assostaaictiily  coawsiodL. 
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Ptg.  1-5-8  Qrbislstlon  of  the  vibrator  Ifi  its  rocfcat  cwdrek)  ifes 
ootpui  polsriiy  obtained  fin  jo  tii<5  power  oiippjy. 
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Fig.  1-50.  Split- reed  synch  roiwss  sxscttf'isr. 


Tbs-  intorrupler  sctlcn  4e  that  (4  a  double-poki 
disable -  thr  o  w  switch  without  eeitusnau  electri¬ 
cal  connections.  This  circuitry  permits  tap-* 
jslag  off  below-ground  potentials  for  Mrs  pur¬ 
poses. 

Driving  Clrcisite 

Two  methods  of  connecting  a  vibrator  drive 
coil  have  been  accepted  by  the  Industry.  Tlvjre 
as*  basic  advantages  to  both  types  and  they 
*.t*  used  1b  about  equal  quantities. 


Slam*. -Cell  Goto  action.  In  the  shunt-drive 
circuit,  aa  shorn.  in  Fig.  I-(iO{A),  the  coll 
in  connected  acros#  ihs  armature  and  one 
contact,  and  ths  contacts  are  normally  open. 
When  voltage  la  applied  to  the  circuit,  curr*  .1 
flows  from  tire  battery  through  one -half  of  the 
transformer  primary,  ths  -driving  ceil,  and 
back  to  the  battery.  The  field  of  thn  driving 
coll  pulls  the  armature  to  the  r.tt  uni:1  tbs 
contacts  close,  which  short  circuits  the  driv¬ 
ing  coil  and  pormita  a  much  larger  current 
to  flow  through  the  left  half  of  the  trao#- 
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former  jsrintavy.  Ttsa  mcrniciitam  a cqulred  fey 
the  sstnalura  causes  it  to  ewiag  past  the 
©3  contact  cltware,  carrying  the  fixeJ 
sasataek  slsssg  with  it-  cn  its  sprtag-  fteco  4&« 
S?i viag  sdl  is  a*r  shsri  drcsitQd,  there  is 
no  tares  tending  f  ■  SsoM  the  reed  to  tha  left; 
it  sjKi'sgs  bads,  e,  ning  the  Contacts  oo  tfe« 
way  ssA  then  c.ioaiE  :  the  other  pair  of  con¬ 
tacts.  This  closure  csnnlte  a  heavy  current 
to  flow  through  the  right  half  of  the  primary, 
which  oore  than  tasteless  the  wotsk  current  is 
the  IcE  te&li,  and  the  eecond  half  si  the  eatpsl 
wave  is  started.  Tfc3  armature  continue  a  to 
owing:  sio  the  r  ight  past  the  point  of  closure  6? 
the  sight  ccatact  pair,  than  revarsoa,  astd 
oUrt*  a  new  cycle.  The  frequency  of  vibra¬ 
tion  is  determined  principally  by  the  material 
end  essstrectieffl  of  the  oxmatura. 

The  six-jit  diiv®  han  ihc*  disedvaniago  of 
allowteg  the  drivleg-coiX  current  to  flow 
through  oee-iiaif  of  the  transformer  primary 
while  She  load  current  flows  through  ths  oihor 
half,  vhJch  results  in  an  asymmetrical  voltogs 
t/a vs.  Tills  type  oi  vibrator  is  used  axtea- 
f.dvelp  in  auto.ru  ofcila  radio  power  supplioe 
becassso  oi:  Us  low  coi 

g-ortea-Coll  Connection.  In  tfeo  series- drive 
circuit,  the  driving  coTHa  conr-jcted  directly 
aero**  the  d-c  supply  In  s-erfeo  with  an  extra 
pair  e2  normally  closed  coriacts.  The  action 
is  exactly  that  of  the  conventional  doorbell, 
linorglsl^g  the  coil  pulls  the  series  contacts 
apart  sad  breaks  ihs  coil  current;  whoreupca 
the  ju-raaturo  springe  bach,  ths  coatacto  re- 
Close,  ssd  ths  cycle  repeats.  Ths  esriee -drive 
circuit  is  shown  in  Fig.  .1 -00(B).  Ha  prin¬ 
cipal  disadvantage  is  U>.3  slightly  greater  cost 
of  the  additional  pair  of  contact*,  but  ths 
separatioa  of  ths  driving  and  load  currents 
and  the  greater  ease  eJ  adjustment  make  it 
uccldeci.y  preierabi©  to  the  shunt-drive  type 
o-l  vibrator.. 

MoaBiisg  Methods 

Vibrators  are  usually  packaged  in  cyllndri- 
csi  svcSsl  cans  with  contact  plna  at  one  end  to 
permit  ring- in  installation  and  removal.  Soma 
vibrator  bans;)  fit  standard  8-pin  octal  or  7- 
pdn  mSalaturo  tube  sockets-  Several  type* 
require?  special  eockete  that  are  usually  fitted 
with  sps-itjg  clip®  that  snap  Into  embosssd 
grooves  in  ths  can  when  the  vibrator  unit  ie 
lugged  in.  In  either  case,  adequate  means 

r  housing  the  unit  In  tbs  socket  ia  required 
to  ;»wsa*  it  from  working  loose  because  oi 
its  eras  ribratioa  or  because  of  external 
shocks. 


TrofuJoi'ieev 
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Fig.  I -eft.  (A)  Ssa*t -drive  circuit. 

(£)  fcirtao-drtvc  circuit. 

The  can  ia  lined  with  &  resilient  ehofttb  cS 
sponge  rubber  and  ths  eesrecticfla  from  ths 
vibrator  to  ihs  tore  pins  are  made  with  flexi¬ 
ble  wire  so  that  too  vibrato?  ia  mechanically 
isolated  fetus  tha  can  and  the  chaoaia.  Ths 
can  la  so  designed  tteSt  Us  rural  iri&ratica 
frequency  is  remote  fro®  Shas  oi  ti*9  vibrator. 
Many  vibrator  cans  merely  provide  mechani¬ 
cal  did  (test  protect; oo  for  tire  vibrator,  for? 
hermetically  sealed  types  are  available  far 
us-o  at  high  aliiiudos  and  in  unfavorable  cli- 
niates.  Vibrator  unite  may  ba  ssouatsd  in  ary 
position. 

Large  vibrators  are  usually  mounted  ia 
rectangular  racial  cm®  that  are  often  pro¬ 
vided  with  two  tube  bates  oa  tl>a  bottom  c£ 
tho  can.  The  B69  o!  two  l-.ees,  separated  by 
a  few  Inches,  provides  a  much  more  rigid 
support  than  can  be  obtained  from  a  stalls 
bass.  Tfoo  vibrator  is  us'-xliy  (related  fre-a 
the  can  by  rubber  elutas  Djocnta,  Tfes  cana 
may  or  may  eot  be  h-onr-eiically  scaled  aad 
may  bo  mounted  in  any  po&l&oa. 
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Life  Bitpectaney 

Tha  life  expectancy  <af  a  vibrate  1c  gen¬ 
erally  the  life  of  Sts  contacts.  The  contacts 
arc  mounted  on  flat  steal  springs  that  all  era 
them  to  yield  against  Impact  and  t©  halp  ©lim- 
Inate  bouncing.  Contact  bouncing  is  highly  he- 
desirable  because  it  results  In  inefficient 
operation  and  greatly  gfcortens  the  life  of  tbs 
contacts.  Contacts  may  fail  either  by  framing 
or  by  mechanical  wear.  Sosdzatlori  ol  the  can- 
tact  metal  leads  to  jilting  and,  eventually,  t® 
the  generation  of  hast  eats  cleat  to  weld  tho 
©astset#  iegsthar. 

The  slight  olidlng  of  oao  contact  ovsr  tho 
other,  wWch  results  tauss  the  resilience  ol 
the  opring,  helpc  to  keep  tho  contact  gjirfaceo 
clean;  however,  If  this  movement  Is  too  great 
It  will  result  in  e/reesrire  wear  sad  abort 
contact  Ufa, 

In  nn  emergency,  a  viferator  that  has  failed 
because  tho  contact  opacicg  has  bees  cxcea- 
eSvoly  changed  by  tearaieg  or  wear  may  bo 
repaired  by  replacing  the  contacts  and  dress- 
big  tho  surfaces  smooth. 

Intortoreuc® 

Tho  vibrator  functions  to  make  and  break 
tho  application  ol  direct  current  to  an  !s<toc- 
tlve  load.  Tho  waveforsaa  of  th?  resnUIng 
voltages  end  currents  ares  more  nearly  rec¬ 
tangular  than  sinusoidal.  Those  waveform® 
are  very  rich  in  harmonica  and  axe  capable 
of  producing  a  large  ar&oani  of  radio  ictar- 
f  franco.  Tha  vibrator  manufacturer  provides 
Internal  shielding  beircsea  elements  within 
the  vibrator  can  to  raisirnise  unde  cl  rod  cou¬ 
pling  of  signals  by  elcctrcsciailc  and  electro¬ 
magnetic  means.  It  ie  tsp  to  the  equipment 
design  engineer  to  devise  aassms  for  prevent¬ 
ing  interference  that  originates  within  tbs 
vibrator  from  jeopardising  operation  of  cir¬ 
cuits  external  to  tha  vibrator.  This  means 
aisle ldlng  mid  filtering  i rials  into  and  col  of 
tho  vibrator  to  prevent  coupUry  h&naoalc 
compononto  from  the  cycling  contacts,  through 
tho  leads,  io  other  c-tages  in  an  e-quiMwect. 
Mocr!  frequently,  tha  courc*  voltage  receives 
a  guporimpo-ued  voitaga  component  at  tho  vi¬ 
brator  mako-braak  rate  that  la  carried  to  all 
{oris  of  tho  equipment  using  this  supply 
vc-itaga.  Frequently,  this  primary  persvr  Ursa 
must  bo  given  special  tre-atmenl  to  isolate  it 
from  auch  urvdeslrc-d  signal  component a. 

Ccsna parable  Devices 

Tho  vibrator  power  cccpply  is  pc  frrrcd 
Over  tha  dyiiamoior  and  tho  transistorised 


gower  supply  where  initial  c<-3f  8a  a  mpirsd 
eoaoiderafcloa  (sea  Ttsblc  1-S).  E  Is  topario? 
to  the  dynamotor  from  the  matotenieaca  stand¬ 
point,  although  It  io  inferior  In  tola  respect  to 
tha  transistor  power  ev-PE'ly. 

Ua*£ar  ndverse  eilmatie  contlitteJa,  tha  vi¬ 
brator  power  supply  io  superior  to  Ut2  dyna¬ 
motor,  which  is  inherently  sscsopSible  to 
contaminatloa  by  salt  spray  ana  fuct-ladaa 
SHtfiroomonU)  that  attack  It®  commutator  and 
brushes.  Sparking  at  the  brushes  caaltos  the 
dynamotor  too  hasardouo  to  bs  s&iad  to  ea- 
jsloaive  or  volatile  atmojphersa 

Tho  electrical  efficiency  of  fee  vibrator 
power  supply  (40  to  75  percent)  ie  appreciably 
higher  than  that  cf  tho  dyaaiacta?  (313  to  65 
percent).  The  vibrator  power  supply, however, 
is  inferior  to  the  t.raosiBtorircd  poror  supply 
its  thin  respect.  The  vibrate  pow'or  supply 
cannot  achieve  tho  voltage  regulars®  of  fee 
dynamotor,  which  io  preferred  in  applications 
requiring  low- voltage  and  high-carrest  out¬ 
puts.  Dynamotors  are  excessively  ftsavy,  and 
thsir  ur-a  in  airborne  applications  generally 
involves  a  costly  eompromieo  ia  terras  of 
weight  eccunsulatiofl.  Dynameiore  &s  i:ni  re¬ 
quire  as  much  low-frequoncy  fills rk-g  as  do 
vibrator  power  supplies,  bat  tfesy  estate  s 
form  of  radio  intorforenco  that  is  ercaJly  much 
harder  to  eliminate  than  tbs  feast*  cl  tfee  vi¬ 
brator. 

Advantages 

Tfes  vibrator  power  supply  ptsmwm  the 
advantages  of  being  a  compact  eiaSteesgeisslv® 
moans  of  obtaining  moderate  quantities  oi 
power  from  a  storage  battery.  Ono  re  its  ox- 
collont  features  Uss  in  tha  comparative  easo 
with  which  it  can  bo  made  to  supply  eoveral 
difforont  outputs  ®imu.Uanooualy.  Ctee  t\u-,h 
commercially  available  supply  dell  re  re,  all  *>t 
the  earno  time,  6  ma  of  direct  curve ri  eJ 
2500  volte  for  e  cathode- ray  tuba,  5  aa  sA 
150  volts  for  Was,  and  100  ma  cl  250  volts 
f  -  plato  Eupply.  Ttis  v/hole  unit  weighs  6  to  8 
j--  iiids  and  operates  from  a  S-  to  24-volt 
battery  supply  with  an  efficiency  of  50  to  G-0 
porccnt.  Another  advantage  ie  that  since  a 
vibrator  supply  Is  composed  of  a  msmber  of 
small,  nice binlc ally  independent  units,  it  can 
be  built  Into  tha  same  assembly  to  which  H 
supplies  pos'd r. 

D1  ss  dvantagas 

Tho  prime  disadvantage  of  tho  vibrator 
powor  supply  .Ueo  in  the  difficulty  of  regulat¬ 
ing  th®  outpul  voltage  except  by  tho  eso  c<I 
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r~“ 

Ctsaracterietlc 

Traneiatorized 
power  supply 

Vibrator 
power  supply 

Bynaieotcr  | 

Posver  range  (watta) 

10-1001) 

3-57-9 

] 

Efficiency  {® 

75 -SO 

40-78 

25-05 

RegulaKori  (© 

Normal,  lf-Sut 
with  regula¬ 
tion,  <5 

SSV3S 

g-ffi) 

Input  voltage  (volte? 

I.5-S2 

i.S-llS 

(MSB 

Mas  oulpui  Ocv) 

1.6 

1.6 

O 

Kax  No.  cl  out  putt 

Unlimited 

Unlimited! 

9 

Storage  ambient 
(temperature  deg  C) 

-55  to  *83 
(at  mounting 
plata) 

-55  to+ISS 

: 

-59  te>«S3 

Operating  ambient 

-S5  to +78 

-85  to  *X£5 

-53to+0?J  1 

(temperature  deg  Cl 

1 

Operating  life 

Excellent 

Poor  (85- 1009 
boom) 

Ckod  with  tss&s-  8 
teeusce  (S5-SCS0 
boCTg) 

Watts  per  pewrd 

S® 

e 

13  j 

Coble  tr.chuo  par 

<1 

s 

1.8 

wait 

Overload  prelection 

Can  be  built  in 

Required 

ReqnimS 

Operating  mala- 

Non# 

Periodic  vibrato? 

Raricdie  as kvteaj 

teiance 

replacement 

required 

Storage  irv.ilnlenanct) 

Now 

None 

Periodic  eervlas 
required 

Radio  irterierorca 

Ne^ligJbla 

Yes 

Yea 

Hl;jb  altitude 

Sealed 

Scaled 

SpcvJdsj 

operation 

Righ  humidity 
effects 

Sealed 

Scaled 

SttSCCptBsfo  to 
eorresloa 

Sigh  shock,  vi- 

Negligible)  due 

Contact  a*8*fj>bly 

Bruch  bois»9. 

bsatSca),  accol- 

In  oo  moving 

susceptible  to 

areas  hire  $w- 

era  tics 

parts 

cUmai-o  and  erratic 

cepUbis  fcs  j 

performance 

dam*£3  | 

comparatively  Inefficient  Geriee-tube  r&go» 
latorff  In  \’-a  output  leads.  Power  v.oasuj»ptloa 
is  increased  in  testing  the  cathodes  of  recti¬ 
fier  and  regulator  tubes;  this  power  is  usually 
supplied  by  tho  vibrator  tranciorraor.  The 
useful  Ufa  at  tho  vibrator  itself  ends  with  tha 
o;id  of  con  tael  life. 


Porrar  Capahtlities 


i 


Id  terms  of  powsr  output,  vibrator®  arc 
generally  divided  into  two  classos.  Small  vi¬ 
brators  of  tbo  automobile  radio  chista  usually 
have  a  single  pair  cf  Input  power- handling 
contacts  and  can  handle  power  c  up  to  about 
50  watt,*.  Power  up  to  several  hundred  vrotta 
(400  watts  caatlnoous  duty,  GOO  watts  inter¬ 
mittent  duty)  can  bo  supplied  by  the  so- called 
power  vibrators,  which  usually  have  several 
pairs  of  contacts.  Tho  Input  current  must  bs 
divided  equally  between  the  several  pairs  of 
contacts,  either  by  accurate  contact  sotting, 
by  equal! ring  resistor ei  or  chokes,  or  by 
multiple  tramforraer  primaries  with  a  sepa¬ 
rate  pair  of  coeisetg  feeding  each  primary. 
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Tho  method  using  bo  equaU.ads.-q,'  veaifito^s 
gives  the  best  rectifleatioffi  oy  a-c  caitgsst 
Cclci-cathode  ga&hrbe  rcciiltor  aro 

particularly  .suitable  for  v&o  \~AiSt  vitersf&ya 
and  require  ho  heater  nccv'or. 

Povvor- to- Weight  Raise 


The  weight  of  a  vibrator  powor  aapstynaim 
between  wide  limits,  depcodlag  apco  tho  re¬ 
quired  output,  number  of  outpute,  <Segrrs&  ssxtS 
typo  cat  filtering,  met  ted  of  jMchagi sag,  nad  ms 
forth.  Outputs  of  from  4  to  0  wails  gaear  possssl 
can  bo  expected  from  usa?.!  types  of  mul  tft.  A 
moderate  Increao-a  in  design  freguesBcy  eh  ah. os 
possible  a  -saving  cf  tvslghl  ttmxsgla  physical 
reduction  in  tho  required  transf<H-!sw:-3r aiae sad 
ale©  by  Eimpllflcctloa  of  thr  flltoriagpsxnfclcm. 

Voltage  Regulation 


Tho  voltage  regulation  cS  »  vibrator  power 
supply  is  apprcvdroately  10  to  23  percest  for 
a-c  output  and  15  fa  2.0  peresaafl  for  o-c 
output. 


Contact  Frequency 


The  frequent”  ■  of  most  vibrators  is  esi  be¬ 
tween  ICO  and  125  cps,  but  there  is  a  bread 
toward  higher  frequencies.  Several  types  o & 
vibrators  cerate  at  180  epo,  which  permit* 
a  weight  saving  in  the  transformer  and  fates* 
of  about  25  percent.  Vibrators  era  also  massss- 
factured  for  operation  ai  400  cps;  but  because 
of  the  difficulty  of  obtaining  clean  contact 
make  and  break  at  this  frequency,  contact  life 
is  currently  less  than  satisfactory  for  moat 
applications. 


OPERATING  PARAMETERS 

Most  effective  application  of  vibrators  is 
obtained  when  proper  allowance  is  made  for 
their  unusual  prqpsrtie*.  Some  of  theca  prop- 
ertioo  arc  "-acusced  in  the  following  peura- 
grajsha. 


Time  Cloeuro  Factor 


The  time  cleouro  or  timo  efficiency  i*  the 
ratio  o.l  the  timo  the  contacts  are  clcaed 
during -tits  into  real  of  one  complete  cycla  to 
the  total  time  of  one  complete  cycle.  I®  to 
usually  expressed  as  a  d-clraal  or  percentage. 
Thlo  value  varies  with  different  manufactur¬ 
ers,  HTith  selected  design  frequencies,  and 
with  aging  of  tfea  vibrator,  ^or  highest  effi¬ 
ciency  and  boat  results,  it  (mould  bo  kept  as 
large  an  possible.  Preaent-day  vibrators 
have  a  time  efficiency  of  0.75  to  0.35.  The 
values  used  in  calculating  time  efficiency  es  a 
function  of  total  cycle  interval  aro  llluetrstod 
in  Fig.  1-61.  Til  a  intervals  1\  and  T,  are 
referred  to  as  the  on  times;  Intervals  T,  and 


1-61.  OociHograKi  illustrating  tho  va-Iaesj 
v£c\ i  bt  caIct dieting  Mm?  eMiciency  of  a  T&rvtog. 


T»  are  called  off  timss.  The  formula  for  vi¬ 
brator  ttese  etflcier  cy  ia 

T, 

Vt  «- - 

T5  ->  ■*•1-  ■>‘5$ 

Timing  Capscitascc  . 

The  Mming  or  buffer  cagacifemce  in  a 
vibrator  power  supply  funettoes  to  increase 
vibrator  contact  life  and  preyed  the  genar- 
atioc  oi  dangerously  high  tranadoat  potentials 
that  might  casino  bnsidtymi  of  fenuKtanse? 
insulatiou. 

In  m  vibrator  power  supply,  tka  vibratos* 
contact*  make  and  break  tfes  e  collection  of 
an  iuducilve  load  to  the  d-c  capyly.  Unhindered, 
the  induced  secondary  voltag..,  ...'~h  in  har¬ 
monica,  can  assume  a  rasgidtode  that  will 
break  down  the  transforasar  tenulatlon  and 
cause  severe  arcing  at  iha  vibrato?  contacts. 
To  control  these  high  tottered  voltages,  it 
is  accessary  to  connect  a  capacitor  oi  proper 
value  across  o.K>  of  the  transformer  windings. 
This  caeasdtoiice  ceanbtooo  with  ifcg  cffc-ctlve 
inductance  cf  the  transforms.?  winding  to 
form  a  teted  circuit  tost  is  sot  to  stack 
osctUattca  at  each  opening  s i  tte>  contacts. 
By  properly  selecting  tin  vales  oi  cspacl- 
tance  to  watch  flic  traoatorjs:or  and  ,;ibrator 
characterlctoc*!,  the  resutoag  escalation  can 
bo  made  .to  perform  the  useful  function  of 
roversiag  fh-  induced  voltage,  making  it  co¬ 
incide  srlih  (fee  voltage  npplted  to  the  trans- 
former  by  the  closing  of  tho  vibrator  coi> 
tacts  06i  Sfeo  succeeding  half  cycle.  Tfea  value 
of  tiiia  tossing  capacilajsce  is  very  critical 
and  moot  he  selected  with  particular  care 
in  regard  to  both  the  circuit  asd  tbs  vibra¬ 
tor  meehaaissa. 


Tbe  rates  o S  papscltaoco  m^iirod  is  in¬ 
versely  proportlocai  to  the  square  of  Ilia 
voltage  ;.usd  depio&s  upca  tin  core  materia! 
characteristic*,  the  vibrator  frequency,  mid 
tha  cootact-closure  factor.  For  low  input 
voltage*,  a  large  value  cd  capacitance  i» 
needed.  Flaring  tha  capacitates  to  the  eecond- 
ary  clmrft  permiio  a  reduction  in  valuo  bo- 
causc  of  the  higher  volte-gee  cncouutsrc.' 
To  achieve  s  practical- si  red  espacitor,  olo-c- 
troiytics  uniat  be  used;  but  since  this  type 
of  capacitor  has  adverse  tempo retard  charac¬ 
teristics.  its  use  Imposes  yoltafe  and  tompor- 
ature  limitations.  A  capacitance  close  to  tha 
value  to  give  Use  correct  freqtcacy  of  usell- 
1  .  iioa  for  100  percent  ctovars  is  gives  by 
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where  ler'-:h  «£  snsgnetie  pails  In  inches 
fi  the  value  given  by  the  BH  curves 
for  £h*  transformer  being  used 
at  the  value  of  B  corresponding 
to  Ski  voltage  U 
Wi  a  vibrator  time  efficiency 
E  ■=  highest  battery  voltage* 

B  the  capacitor  Is  to  ba  placed  across  the 
primary,  then 


Variations  with  Aps 

Vibrator  fmjarascy  decrsaaesi  with  age. 
The  contact- closure  factor  or  timing  effi¬ 
ciency  also  decreases  because  of  contact  wear. 
Proper  compensation  requires  that  the  timing 
capacitor  value  be  Increased  somewhat  above 
Use  value  needed  tor  a  new  vibrator. 

As  the  vibrator  contacts  warn*,  e^  .'see  ■srtii 
appear  imperinipased  on  i!vo  voltage  output 
wave.  Thaea  eptkeo  represan*  high  harmonic 
transient  voltages  that  are  added  to  the  high 
output  voltage  daring  no-load  conditions.  The 
resulting  pash  voltage  may  puncture  the  capaci¬ 
tor  insulation  unices  the  selected  voltage  rating 
incorporates  a  safety  factor. 

12-Volt  Circuits 

In  designing  eJrrasta  for  use  with  12-volt 
or  higher  power  somreea,  a  phenomenon  lo 
encountered  that  is  not  prevalent  in  fi-volt 
circuits.  It  is  referred  to  an  starting  fiaro 
and  Is  capable  os  destroying  vibrator  contacts 
very  rapidly.  Starting  flaro  results  from 
saturation  ci  the  vibrator  transformer  oa 
the  start  cycle,  wfcfr.h  causes  an  abnormally 
high  primly  current  to  ba  drawn.  The  re¬ 
sulting  arc  across  the  contacts  In  extremely 
hot  and  highly  destructive.  Several  methods 
exist  for  overcotrJtBg  this  Initial  action.  The 
moot  practical  o 2  tkcee  ia  to  design  tho  trane- 
formor  with  sufficient  inductance  in  the  pri¬ 
mary  circuit  and  to  uea  a  buffer  or  timing 
capacitor  to  insure  reliable  starting.  It  is 
also  common  practice  to  utilize  an  additional 
capacitor  in  the  secondary  circuit  to  provide 
tbs  pi  open  timing  for  the  vibrator.  The  pri¬ 
mary  buffer  capacitor  la  selected  to  meet 
the  starting  requirement.*;  tho  capacitor  in 
tho  secondary  circuit  serves  to  time  tho 
vibrator  circuit  A  variety  of  circuits  cur¬ 
rently  used,  ass!  Incorporating  buffer  capac- 

•  Application  IrcsCjm  Ho!*,  AR-N-S5,  3!  October 

IMS. 


Store  te  transformer  seaaadary  circuits,,  So 
shown  to  Fig,  1-3?,, 

SELECTION  FACSCM 

SslscBoa  vS  fik?  prcijas1  vibrator  to  bs  tsaeS 
in  designing  a  eiradt  retjaires  a  comparatlva 
evaluation.  of  the  coramoaly  available  vibre- 
tor  types  that  will  snoei  efficiently  accoas- 
modato  tha  dynamic  Scad  conditions  to  bs 
expected.  Selection  of  a  vibrator  should  iu= 
corporate  a  suitable  safety  factor.  Tiie  chode© 
between  an  interrupter  and  t,  self-rectifying 
vibrator  should  be  made  according  to  tbs 
types  of  service  docired,  the  operating  ef¬ 
ficiency  necessary,  and  die  limitations  of 
tho  various  vibrator  nsschaciams  them  selves. 
The  selection  of  a  commercially  availaJhto 
vibrator  is  strongly  recommended  to  taka 
advantage  of  the  extensive  environmental  aril 
reliability  testing  mtia  production  units  re¬ 
ceive  aad  to  siiapMfy  ultimate  replacemed 
of  tii.o  vibrator  r?iL  Tk©  c»s  of  epscial 
vibrators  designed  for  tmussal  applicatioea 
should  be  avoided.  Such  vibrators  are  mi 
readily  available  from  common  sources  p.os?{ 
in  some  casco,  tbc  special  features  mey 
involve  a  compromise  of  overall  operating 
efficiency. 

The  following  items  cjkriM  fes  considered  in 
the  selection  of  a  vibrator  for  any  circuit 
application. 

Input  v  Jtsga 

Vibrators  aro  normally  rated  at  Input  volt- 
ny.es  Of  4,  6,  12,  24,  33,  110,  or  220  volts  ds. 
Circuit  design  should  te  aimed  at  sccommo- 
dating  cos  of  those  conventional  operating 
voltages.  It  should  fos  noted  that  such  specific 
voltaga®  are  *  ''cal  values  and  that  associ¬ 
ated  with  em  \  higher  and  lower  voltage 
at  which  the  'll  will  eoatimse  to  ope  rats 
rjatisfactorlly.  jsamplo,  a  6- volt  vibrator 
should  exhibit  normal  operation  when  drive  a 
by  aa  input  voltage  ranging  from  3.0  to  8.0 
volts  dc.  Specific  values  are  given  Ln  fllL-V- 
05 A  tor  the  3-volt  and  24-v-ati  vibrator  types 
that  require  normal  operation  over  the  ranges 
5.0  to  -J.0  and  13.0  to  50.0  visits  do,  rospoc- 
lively. 

While  it  is  possible  to  use  ooe  vibrator  for 
two  adjoining  Input  voltage  rail  tig  a  by  use  cl 
appropriate  renlgtors,  lb#  designer  should 
not  attempt  to  utlllrc  o«8  vibrator  far  mors 
than  two  such  voltages,  lostsoces  have  beea 
encountered  where  %  vibrator  was  used  to 
operate  periodically  on  any  oo-s  of  tlirco  dif¬ 
ferent  input  voltages.  In  all  cane  a,  opcrcticsa 
and  reliability  were  tm aatlgf actory . 


S-C2-  Buffer  erpeeltor  circuits  eomtEccSy 
ed  with  transformer  secondary  winding. 

i.-unerlcao  Tsievlatoa  t::A  Radio  Co.) 

Current  Ksttcg 

Tbs  input  current  rating  of  a  vibrator  Is 
re  Ate  ad  ae  the  Input  voltage  Is  Increased,  csS 
r.  vibrato?  car;  tw  expected  to  handle  smxJz 
leca  current  at  24  volts  input  than  st  6  volts. 
Ld  Judging  tt.-rs  Input  current  handling  cbiltty 
oS  «  vibrator,  the  manufacturer's  ratings 
should  bn  consulted.  The  Input  current  and 
voltage*  of  fonts  representative  vibrator 
power  supplies  are  tlstod  In  Table  1-iO.  Tbs 
electrical  ratings  lifted  Illustrate  the  char¬ 
acteristics  available  In  vibrators  sod  ifeo  se¬ 
lection  of  output  power  levels  provided  by 
convener  dally  packaged  vibrator  sur.ralles. 

Vibrator  Fre-ijtse&jy 

The  convcnticc.il  operating  frecpicwry  ol 
vibrators  1e  115  i?  cpc.  The  donigiwr  *hcaJ4 
us?  a  vibrator  ai  1W*  frequency  rang*  whos¬ 
ever  possible.  While  special  frcqushcic*  bare 
been  used,  ouch  departure  from  the  caws- 
tlona.1  frequency  range.  1*  usually  bsteoded  t@ 
.cc.rve  other  objectives,  such  as  weight  re¬ 


duction  3a  airftoroa  equipment  er  to  eccoo- 
asoMe  EraitatScas  1b  ike  selection  cl  ettm 
components.  Sciit  departs*®  from  the  normal 
frequency  raoge  also  sasi oees  fharply  tSs® 
number  oi  soerce*  svaUabto  feprejpSaesjacafc- 
unite. 

T erajwrssteo  Ranges 

CensaiorciaUy  av&ilabi*  vibrators  will  glva 
satisfactory  performance  over  a  range  «t 
tesaperafcsrea  from  -55  to  85  C  (-67  to  185  SJ. 
Tha  see  oi  vibrators  beyond  this  temperatora 
range  trill  re  salt  in  suhauaHal  compromise 
of  rcMsMlity. 

Sockets  and  Soelotsarec 

Vibrators  aro  ssappEed  sai  a  variety  cl  base 
amajgemenia  and  eacloesar®  eJs as.  Vibrates” 
loads  are  br-jcgjd  cM  to  g%-4sU  loads  la 
coroo  units;  but  on  advautag*  is  terms  ci f  Bas¬ 
tions!  circuit  flexibility  te  ecMevad  by  teru 
mlnailsig  tha  vibrator  e’erievia  fa  socket  glES, 
which  permit  jpksg-in  te^tallalloa,  remove)., 
and  replacement.  Severs!  fiyples!  basing  cad- 
QpiratioBS  &ra  ie  FS.g.  1-83.  All  cls'- 
cult  ciora  crate  nr®  Bho*a  eraopt  tfee  driving 
coll,  since  this  ia  not  aosar-uliy  isseladsd  la  a 
display  of  basing  arttweewsMi*.  i&oti  «aa» 
mercial  vibrators  ara  caBSsafcratsd  1b  t&asa 
typos,  vtoich  are  designed  Co  suit  the  pts-lrsa 
rssge  eg  application  aeodn,  To  facilitate  jm>- 
corera cet,  fits  design  mg^sa&r  should  k*$|> 
these  standard  toed  Items  2*  Ktod, 

Ostpat  Voitogc 

S  should  be  born*  is  ssss3  that  tha  cu?p-:^ 
voltage  eg  any  vibrator  parser  supply  is  g 
fuacltoo  of  tfea  time  cfilclcasy  cl  the  vibratos1, 
the  turns  ratio  ol  the  vfhntor  trtmaforraer, 
and  the  load,  together  with  tbs  efficiency  c£ 
Die  rectiflcaUoa  uvavu.  Tfi*  vibrators  oi 
vsrkniB  HafiBulrxiurcrs  wjH  vary  la  tbaa 
efficieccy,  depending  tpc*  the  machr.nteai 
constant®  ei  tile  devices,  the  design  engineer 
should  take  motiruUsia  car*  in  seeing  thet 
representative  vibrator*  Iveta  nil  poicniUT 
eoorces  arc  checked  in  hia  circuit  and  sbeexti 
keep  in  mind  tost  a  s^wciftc  vibrator  dculpa 
to  overcome  ■<*  circuit  deficiency  geiwr-.-.lly 
result*  in  impaired  ssd  LUgatlefaeiory 
perfonsnaca 

AUltiato 

iUl  vibrators  ei  curre*2  neamifacture  c.j® 
IctecKted  for  uso  ai  aliltahra  to  10,000  f  'eL 


tary  equipment.  Operation  at  8  or 
only  ia  covered. 


vottr 


Vtg.  1  - ‘V-  TypiraJ  vibrator  basing  ctejraris'. 
Rems  \6)  sod  (IS)  feature  pif-faUl  leaf!®;  (55) 
terminate*  In  sokier  lugs.  All  others  kasw 
socket  ptoo  tor  plsg-la  tixeiiuiatica  sad  m-~ 
coovt' 


MUiTAHY  SPEC!  FI  CATIONS 

MIT-V-9SA,  16 ember  1$53,  Vibratory 
Interrupter  and  SeU- Rectifying 

Thic  specification  covers  hsterrwpter  sad 
soli- rectifying  vibrator*,  designed  to  operate 
from  a  ci-c  source,  tar  us*  is  etoctrcrtc 
equipment.  TWa  ia  a  general  epeclOeRiloa, 
but  it  also  provides  valuable  informattes  cctR~ 
ccrning  the  mini  mom  performance  vntoea  re¬ 
quired  of  vibrators  Intended  fox  use  to  sniit- 


The  limitation*  in  design  arid  cocoteestica. 
are  outlined  and  the  materials  penalMdfcte 
are  tabulated.  Complete  tent  pfoceciursa  ar# 
described  that  cover  dielectric  strength,  start¬ 
ing  voltage,  dynamic  load,  moisture  roaistaivc®, 
temperature  cycling,  ibratioa,  said  Ufo  aging. 

Dielectric  Strength.  For  8-  and  24-mM. 
types,  vibratorsmuBt  withstand  without  dam¬ 
age,  arcing,  or  breakdown,  potentialsas  shows 
in  Table  1-11.  The  applied  voltage  shall  be  a£ 
commercial-line  frequency.  This  voltage  must 
not  be  applied  across  the  driving  coil. 

Electrical  Rating.  The  pertinent  electrical 
rating  values  for  tiw  0-volt  vibrator  are  showa 
in  Table  1-11 

Seal.  Vibrators  shall  be  immersed  is  any 
suitable  bath  maintained  at  80  to  85  C  fox  a 
period  of  at  leant  one  minute.  An  alternate 
method  of  test  may  be  used  to  determine  satis¬ 
factory  sealing,  provided  the  method  in  proved 
to  be  equivalent  to  that  specified  herein.  Car1.- 
should  be  taken  not  to  mistake  bubbles  caused 
by  itnirapped  air  around  pins  for  bubbles  conn¬ 
ing  from  the  can.  Any  vibrator  that  ahowe 

Tsfcic  1-11 — Dielectric  Test  Voltage  (RMS), 

*  eUL-V-BSA 
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T-bJe  1-iS — Else tr Seal  Hating,  MIL-V-S5A 


s’t'zq'ococj 

1 1 5  *  7  ep* 

H&Ud  Lapu*  iraJUgs 

6.5  vdc 

Mix  Irjxit  current  at 

rated  Input  rulings 

«.l  adc 

Max  Input  votlag* 

5.0  rtlc 

Mbi  taput  rolUga 

5.0  rdc 

Dvty  cycle 

CooUnuoue 

the  expectancy 

£00  hr 

evidence  oJ  leakage  may  bo  glvsa  remedial 
treatment  provided  evidence  io  rubmittea  ?fc4 
snitch  remedial  troatasscl  is  adequate. 

Tgmggratwgg  Cycling,  Vibrate  .:*  jsfe-  s»- 
Qasred  to  be  subjected"  to  t&s  teiiapsrsJus’* 
cycle  of  Table  1- 13  for  a  total  of  five  eye 5a 3 
performed  continuously.  The  vibratoro  shall 
be  held  at  each  temperature  for  sufficient 
time  to  allow  all  parts  to  roach  thermal  sta¬ 
bility.  Vibrato’:’ 3  shall  thea  Immediately  fca 
placed  in  a  suitable  toot  circuit  and  energised. 
They  shall  thou  be  evaluated  for  sarmai  og» 
oration, 

Moicture  Realjtar.ee.  Vibrators  shall  t& 
tasted  in  accordance  with  Maiitcd  106  d 
St  andr.  i  d  M1L-STD-20VL 


Vibration.  Vibrators  shall  be  tested  in  ac¬ 
cordance  with  Mo? bed  201  of  Standard  &HL- 
STD-202. 

Stock.  Vibrators  shall  ba  tested  in  scce?4- 
3iK-e  with  Method  203  oi  Standard  MIL-RID- 
202. 


BIBLIOGRAPHY 


Blackburn,  3.  F.,  ‘Dosapottonto  Handbook,” 
Vol.  17,  Radiation  Laboratory  Sorter,  Mc¬ 
Graw-Hill  Book  Co.,  Inc.,  New  York,  1&40. 
’‘V locator  Guido,”  P.  R.  Mallory  Co.,  Indian¬ 
apolis,  Ind.,  1637. 


DYNAMOMETERS 


The  dynamotor  combines  an  electric  motor 
and  a  generator  In  one  unit,  the  input  power 
coming  from  6-  to  28-volt  batteries.  Scsrso 
dynamotors  have  an  auxiliary  a-c  cutout. 
Tho  q-c  voltage  outputs  range  from  8.3  wits 
for  tube  healers  or  filaments  to  several 
hundred  volts  for  plats  circuits.  A  typical 
dymuiiotor  la  shown  In  Fig.  1-64. 


OPERATING  PRINCIPLES* 

The  construction  la  such  that  both  the  mo¬ 
tor  and  generator  auctions  use  the  same  field. 


•  Portions  this  toil  nod  Elgin  1-85,  1-6$,  1-47, 
and  1-68  am  tro ra  "Direct-Current  y»chItK'ry,'' 
C.  S.  Siskind,  McCravr-Klll  Book  Co.,  Isc.,  1982. 


TaWe  1-1S  — -  Temperature  Cjcl# 
for  Ac  ’c-ptancu  Vesto 
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26 'f  j 
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which  is  usually  energised  by  the  primary 
power  source.  TVs  armature  windings  for  both 
the  input  and  tmlpai  seetlonfl,  although  sl®o> 
trlcally  independent,  arc  wound  in  ths  same 
core  filets,  The  motor  (input  or  primary)  sec¬ 
tion  provides  mechanical  drive  L”  tho  arran- 
lure.  The  generator  (output  or  secondary; 
e  sctlcm  generates  voltage  as  Sts  armature 
winding  turns  pass  through  lira  magnetic  add 
and  cut  the  flux  Knee.  Tho  basic  arrangomcnJ 
of  a  dynamoior  is  shown  in  Fig.  l~8fL 


Output  Volt xge 

In  many  respects,  tho  operation  of  a  dyna¬ 
mo  tor  is  similar  to  that  ci  a  motor  generator. 
The  output  oi  a  motor  generator,  however, 
can  bo  varied  by  control  of  ths  generator 
Cold.  The  dynamotor  uses  a  common  field 
eo  that  tbs  output  cannot  be  controlled  In  thia 
manner.  The  ratio  of  the  output  to  inpot 
voltagati  of  a  dymunotar  io  Rsed. 

If  a  constant  input  voltage  Is  appued  to  b 
dymmiotor,  the  field  strength  will  be  prac¬ 
tically  constant,  and  the  armature  will  rotate 
at  a  spac'd  so  as  to  gonsrato  a  back  emf  In  tha 
motor  winding  about  equal  to  tho  Input  volt- 
.;es  tho  IR  drop.  Tse  ratio  of  the  output 
voi-  ?ge  to  the  input  voltage  cun  bo  reasonably 
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F\g.  1-64.  A  four-commultJor  (!yn.arn<?£or 
with  coTsn  n?mo*t<L 
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Fig.  1— 6S.  gssSe  Bmsngesseai  of  a  s-cgia  tegsat 

esd  Oi^£-2!  t*?@2s^s&>jr. 


soprtaearted  fey  &»  ratio  ol  Use  fr?s  te£k-cs4 
vcltagas,  tbs  orijHSt  voltage  and  t&®  fesds  emi 
Slnco  tbs  ansatar-'  motor  $ei  gzsaraiop 
w-ladingo  are  roiafifif  aa  Ota  same  ansatars 
at  the  same  rpm  ir.  il  <s  game  field,  itas  ratio 
of  tbs  oatpwl  voltage  to  tisa  im^ssX  vcliuga  is  a 
constant  equal  to-  Use  ratio  cl  g-ifseti^  toms 
la  gar  orator  sad  i solar  wl.-dAcga. 

VarisUoas  In  toad  current  eases  the  arm s- 
turo  Ciftpiii  r-rtadhiga  to  gsserj&g  tr&rvlug 
torq»Ms  yartsiiag  roiaBoa.  Tbs  tepsl  at»a» 
•wre  tjii’sclinga  commensals  for  this  torqus 
varieties;  by  drawing  mars  or  tea  cue  rs?s^  so 
<iS  to  malr.taia  so  rpm  to  giw  cocr»ssf  back 
fail.  Disragardtog  LR  drop*,  rfe*  trattagoa 
nnsite  tbs  eaiae. 

A  drs^  to  lapat  voltage  emjee*  a  drop  is 
field  strength  a»d  in  hock  *aff  revert  remsst. 
Usually  a  alight  drop  la  ypgg  remits.  A«j  a 
ccssst-iius-ece  of  the  ioircrcd  S-sl'i  strength, 
tfco  output  rritag®  drops.  Tfcas,  for  yesettea} 
purpossa,  tii-s  esSpist  &r-3  laps!  irdtagos  srre 
related  fey  s  traaslormattSM  ratio  fbrad  att 
t'.bs  liras  isJ  Esssafeidsms, 

Vdt&ge  Reg-vis-tlax 

Voltage  regulation  of  a  dynara-oft®?  a 
function  of  load  ranges  from  §  to  S3  gsrceaL 
It  to  a  {Vactjcss  ei  copter  l*sas*  sud  ths 
Erpi*sd-ksad  chsjgsctori  site  ci  lb?  motor  sec- 
Ucsk  As  tlx?  lead  rises  fnra  wrt>  to  ih»  rstsd 
maxi  uiur.’. .  lisrr  rasing  so-etHidary  cssra^ts 
causti  proportionately  (sw-g-cr  III  dvtpjyj,  Dyna- 
rr.fHQra  wttfe  shunt -  -srousid  fields  c-.-ddfoU  little 
r.>red  varirjthjo  toons  wo- load  to  fedtotoBd, 
•snbUa  scEtes-oosjod  field*  1st  the  ursasixire 
rotate  -fti  a  speed  x'-tech  Is  aj^rcudnintelv  s.a 
'r.vcrsc  ftmetins  of  lasd.  TTia  sepa«d  c:v  ■  ■ 
»rt®riMies  c-i  Uyo&aiotoro  »te»  eceapoasd- 
'Tirj.Ti-j  flotcki  -alii  rsjj^u  aerie#-  and 

sfetot-xwsssl  Sieldo,  dopsBditsg  oa  the  drgpreo 


of  com>po."!KHRg.  Figoro  1-88  ckowo  tits  re¬ 
lationship  b3t*®on  sjised  and  1c.  1  for  tlsa 
tlireo  typss  of  field  (1) 

“Tto  jpeatf  regalntisa  of  tfe^s®  wfof&sgs  to 
((iierm'niid  by  the  amoaffit  cl  torqua  product. 
As?  in  ssiy  motor,  the  developed  to.npio  Is  a 
ftscfio}  cl  the  field  ’’’"x  dacslty  and  the  casv> 
roni  Us  the  Input  armature  tvlndinga.  figure 
1-67  shows  the  relationship  be.  /sen  lorque 
and  ’..VEsatui'a  current  for  the  three  types  off 
field  wirifiisgs,  and  Fig.  1-66  ehowts  the  speed 
vs.  torqse  eharsefeariatios.  Serlos  Hold  wi.ad- 
ing*  ars  net  used  alooD  in  dynamotorsbeenuss 
oS  the  possibility  ol  ruoasay  under  no-load 
t’fMdisjsaa, 

Eipjdo  Vdtags 

Rtpjio  TOltage  is  gsoerally  1  to  1-1/3  per¬ 
cent  of  ths  OEjtpci  Toltags.  The  major  causes 
of  ripixy  &?s: 

X.  MosjlsJioa  of  tbs  Input  volt  ago  to  ths 
field  wj*. Sago  by  ths  lapel  commutator.  Rig-yfe 
frequency  ig  speg-d  (yps)  times  one  bail  lbs 
number  of  segments  la  the  input  commutator. 

2-  HOEaiforalty  of  the  permcalMlity  of  the 
magnetic  circuit.  Ripple  frequency  Is  equal 
to  tha  ryw  s^ied. 

S.  DiQtortlo»  of  ths  Oas  pattern  becaase  rtf 
the  araiature  elot  structure.  Rlppls  frequency 
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is  ypfl  tSassg  S fee  smasher  oi  -Ms  to  it® 
mate. 


4.  Modulates  ©f  it*  cotp#  voltftft®  by  the 
swtjsat  commutator.  Th®  frequency  is  rps 
tUces  ess  hall  tbs  amsber  id  segments  la  Si® 
c^sssi  eev  iK&atos.. 
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Tha  dyoametor  is  usually  mors  efficie? 
than  c&si^arabi?  rated  motor-genoratoir  m 
tor  these  reasons:  (1)  the  dyn&motor,  having 
only  ca®  armature,  has  lower  mechanical 
losses,  (2)  it  has  caiy  o»*  Held  loco,  aad  (31 
it  has  superior  commutation  dua  to  compea- 
sating  cosmtemagiietie  fields  produced  by  the  ■ 
input  and  output  windings. 

For  a  given  output  power  rating,  the  dyisa- 
motor  welgfec  leas  aa«  ^copies  less  space 
(volume)  than  its  taster-generator  counter* 
part  Tins  Is  passable  because  tha  dynamotor 
can  have  smaller  alrgaps,  lower  excitation 
currents,  and  smaller  field  structures. 

Dynamotor  losses  can  be  grouped  Into  ro¬ 
tating  and  electrical  categories.  Rotating 
losses  are  made  up  of  boaring,  brush,  and 
air  friction  (wdariage)  lossea.  Electrical  losses 
are  due  to  copper  losses  to  toe  armature  and 
field  windings  and  iron  lorses.  With  the 
*  xepfioo  of  field  losses,  which  are  constant, 
ail  dynamctor  losses  Increase  as  the  arma¬ 
ture  epeod  increases.  This  relationship  is 
shown  in  Fig.  1-691  (2) 
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FJf.  1-4%  Annsiur#  cwrrrtii-t'iTtjuc  ekarsetsr- 
icUcK  trf  4%T3*taolor  primary  *isali«e(«. 


SI 


Fig.  l-AS.  Speed -to rejus  characteristic*  of 
dyflsuaotor  primary  winding*. 


Dynamiter  efficiency  is  also  a  fimetioa  of 
E;a  rated  power  output  as  shown  to  Fig. 
1-70.  The  cur/e  shows  a  rapid  drop  to  ef¬ 
ficiency  below  80  watt?  output,  Thle  elm'- 
acterlstic  may  be  attributed  to  iess-thsraa- 
optimum  design  parameter*  commonly  used 
in  the  smaller  milts,  and  to  the  fact  that 
winding  insulation  occupies  a  lsu'®er  per¬ 
centage  of  the  coptwr  efssce. 

BRUSHES  AND  COMMUTATORS 

Several  factors  which  influence  brush  op¬ 
eration  and  life  jare  lineal  «j».*d  of  the  com¬ 
mutator,  brush  spring  pressure,  carnal 
de«*ity  to  the  brash,  brush  temperature,  ite 
coefficient  oi  friction  between  brash  and  cotta- 
mutator,  and  brash  and  commutator  ma¬ 
terial  tL 

For  dynamotor  operation,  «h®  first  tore* 
items  sur®  to  variant,  cine*  they  are  'letermln.sd 
at  the  time  c#  manufacture.  However,  it  ehO'iM 
tee  noted  that  the  actual  current  density  will 
be  sossffwhst  Silgher  titan  the  densities  cal- 
cuto»«d  Irons  fits  physical  cross  section  of  the 
brush.  B ®cmm  the  brush  cross  section  a#a- 
aliy  dees  aot  fully  contact  the  commutator 
surface  8m  to  play  to  the  brash  holder  sub 
distortion  of  the  holder  supporting  structar# 
under  stress,  the  brush  face  frequently  tee 
a  slightly  longer  radius  of  curvature  than  fte 
mating  commutator.  This  results  to  s&  f- 
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SPEED 

Fig.  5-30.  losses  7s.  opsed  reiationeijis?  for 
typical  dywamotors. 


idficantly  mkiced  contact  area  compared  to 
the  nominal  brush  contact  area.  Higher  cur¬ 
rent  densities  cause  fciglvs?  brush  operating 
temperatures-  'The  current  flow  from  fisa 
brush  surface  to  the  commutator  divide©  into 
the  several  paths  as  shown  in  Fig.  1-?1.  (3$ 
ffhese  paths  are  (a)  the  area  cl  point-contact, 
(b)  adjacent  areas  in  which  there  are  free 
particles  of  carbon,  graphite,  copper  or  otte 
conducting  dust,  aud  (c)  the  open  gap,  ac mac 
which  some  current  wilt  flow  in  111®  form 
of  an  are.  Arcing  over  the  open  gap,  }f 
deficiently  intense  and  prolonged,  will  dnru.^j 
ilsa  commutates’  surface  film,  and  the  affects 
of  this  daraago  will  be  refleeii-ad  in  increased 
brush  wear  ar*1  poor  overall  brush  perform- 
ante,  particularly  at  Mgh  ailtltude#. 

Brush  performance  casi  also  be  affected  to® 
arc -over  on  high-voltage  brush  holders.  ISilp 
is  caused  by  brush  duel  attracted  and  held 
by  brush  headers  made  of  arc-tracking  saa» 
teriala.  Such  arcing  results  in  complete  break¬ 
down  of  the  tasulatloo.  i  cosed  specifics- 
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Fig.  i  -TO.  K£ficte»cy  w»  output  for  typi¬ 

cal  dyotuiiotor*. 


ties#  will  spscify  nea-aye-tracktag 
EtaSdes*  ineaMtag  saatorfaL 

CtisaEaciatog  gagfcgQ  Fite. 

fjte  ecisjjKiatss'  airfare  film,  13 

(Ss«elopsd  after  a  abort  period  e?  uss,  S® 
jpire&atoly  tfes  rasst  important  stogis  factor 
affecting  brash  operation  and  life.  Whsa  a 
eleaa  new  feraafc  and  commutator  ccaablssatoKi 
fio  pul  into  operation,  the  highly  poMoSssi 

arfacea  are  to  taiiraate  contact.  'rbio  ses- 
toet  sn  ay  to  so  close  that  the  surface#  to 
<Lte  area  d  contact  are  subject  to  ssisMsr© 
or  welding,  caused  by  the  strong  attractive 
farces  of  tho  surface  atoms.  Sine®  Shso® 
forces  are  effective  only  within  a  vary  sfeoiit 
ras^e,  a  boundary  film  of  separatloa  ia  s«}»~ 
ally  adequate  to  mfcace  the  effects  of  these? 
farces  by  ptecteg  the  surfaces  out  of  tbits' 
effective  s'aKgo. 


Fig-  1-fl.  Enlai f*ed  rfaw  of  brup.’i-comrautetor 

teierfeco.  (national  Carbon  Co.} 

At  K?raasS  atmospheric  pressure,  tMalatoirto 
eotiag  boundary  film  ideally  consists  of  ab¬ 
sorbed  moisture,  oaygen,  copg)«r  oside,  aud! 
carboa.  Thu  osygea  and  water  are  derive! 
from  the  atmosphere,  the  copper  codde  and 
cartoon  from  alight  Mgh-tamporature  vapor¬ 
isation  of  the  brush  and  commutator  surface®* 
mainly  a«  a  result  c£  arcing  at  the  brusS> 
commutator  interface,  and  partly  from  bio- 
shanlcal  friction.  The  formation  of  a  untie- 
factory  surface  film  oa  a  new  commutator' 
may  require  a  nra-ia  period  of  from  several 
minutes  to  aovaral  rSaya,  depending  uponbructo 
Srardoeas,  interface  temperatures,  lineal  spaed 
of  the  commutator,  brush  pressure,  and  otter 
factor#,  On  sosaa  brush-commutator  combi¬ 
nation*,  if  the  current  density  is  too  low,  & 


eoflimatator  31sa  may  ml  foras  and,  ia  fact, 
asisttef,  filros  may  Ss©  destroyed.  Wises  tMo 
bsuppe-aa,  particles  &  copper  thrown  off  by 
the  csKsuaotaior  may  cause  corcmutatorthrsM'* 
tes  (grooving  of  the  commutator  surface  by 
fln®  parallel  llaca)  sod  the  toresls  ussfsco 
may  esfeiba  copper  (small  psuiielao 

ni  ©©/per  embedded  is  tha  Uc&  ®&  the  ferasStL 


Brest  Wasar 


a  fia  difficult,  If  not  impossible,,  Ss  pin 
Iowa  iho  exact  causes  erf  brush  visas ^  ofoco 
ail  the  factors  involved  are  mors  or  Isas 
JoterreMed.  Other  th mi  the  comuutatorliaeoS 
speed  and  brush  pressure,  brush  %rs$r  sus¬ 
pends  upon  the  coefficient  of  fsieSea  be¬ 
tween  the  brush  and  the  cam  mutator.  In 
sum,  the  coefficieat  of  friction  depssA?  upon 
brush  temperature  (related  to  current  dansity) 
and  tli«  araoesnt  of  water  vepo?  aad  surges 
present  (related  to  attitude). 

The  rate  a?  wear  of  a  brash  (for  3  garlic... 
alar  bnish-aanuantato?  combinaUoa  aid  est 
of  operating  eondiJEtens)  will  be  affected  fey 
tha  brash  pr®s*w©.  Proper  brush  prosssiro 
io  a  mpdsSto  for  best  brash  parformasco 
smd  Me,  'T£ho  range  nl  imi  table  pressures 
for  s  gives  snadtto  to  determined  fey  toe 
type  of  toS,  the  load  to  be  toadied,  and 
peripheral  ggssd  of  tha  commutator.  If  brush 
pressure  is  im  li rat  taporfeci  comtsoteita 
trill  result,  causing  osc  looive  arcing  sjitfe 
resultant  daaaage  to  the  film  ami  undue  brush 
wear.  Kxeeaeivi.  braah  pressure#  produce 
unnecessary  frtettoe  losses  and  sore  re  wear 
on  both  Use  eorariator  and  brash,  sad  may 
even  cause  si®cha«4cal  Instability  of  tha  brash. 
At  low  pressures,  electrical  wear  predomi¬ 
nates  whereas  at  Sdgh  pressures  anecto  lea1! 
wear  is  greater.  Figure  1*72  dwwe  tide 
ctoractexistlc  tor  an  electrograpMtie  brush 
although  a  similar  effect  may  be  observed 
with  any  brush  type,  except  for  a  change  in 
the  range  of  optimum  pleasure*.  (3)  When 
a  new  brush  is  first  installed,  the  bruoh 
pressure  is  Initially  Mgh  due  to  maximum 
compresstoo  of  the  spring  as  well  as  th© 
fact  that  the  brush  is  net  properly  seated 
until  a  suitable  nai-iu  period  has  transpired. 
As  the  brush  wears,  the  pressure  decreases. 
Brush  wear  beyond  the  point  of  mini  mum 
pressure  (when  the  spring  has  been  extended 
to  the  permissible  limit)  will  increase  rap¬ 
idly.  To  Steep  the  pressure  from  falling  too 
low,  U  is  usually  recommended  that  tha 
brash  be  replaced  when  worn  to  between  VS 
and  3/4  0#  its  original  length.  Experience 
•how#  that  the  poslti/e  and  negative  brushes 
do  not  always  wear  at  the  same  rate.  When 


Fig.  1-73.  Brush  wesr  rate  a.  imssh  jaroesussa 

lor  so  electrognsj&itk  brcaS. 


ihs  brash  osMMttog  to  greater  wear  ssto 
has  Breached  tha  limit  of  pemlsdbte 
it  is  advisable  to  reiiaea  both  bruslss  ss> 
that  toy  operate,  ao  nearly  no  possSi&i, 
under  ths  same  pres®*.?®,  A  tetfear  ro&gOB 
for  nftedsg  brushes  to  pairs  to  to  avnfcl 
vising  brashes  cf  dissimilar  motertols  sa 
the  eftma  commutator,  ‘Thu  flics  formed 
some  brash  material#  "411  act  as  sa  abraateo 
tor  dhsr  brash  naateiiab  This  sifcaatioa  tes 
bsm  Ixaema  to  reduce  brush  life  hy  a  wary 
sigh  factor. 


The  other  aspect  tft  brush  'areas,  coalfsctoi 
of  friction,  is  dependent  upon  to  forsnaitea 
sad  retention  oi  a  suitable  commutator  earn* 
face  film.  For  a  given  brash,  to  coeSletmst 
si  friction  will  be  a  function  of  tha  bms& 
temperature,  a#  aixswa  In  Fig.  1-78.  ($)  S 
should  be  noted  bud  temperatures  nw  bs& 
uniform  over  to  brush  faca  becaosa  to 
toinperaiures  dovelcpmt  are  iunettow  oi  6ife» 


SHUSH  FACS  TESWPERA7TURE,  DES  C 


¥L%,  1  -73.  Bruah  wear  rats  (coetficieai  of  frhv 
tioc)  m  interfac*  teasperahire  ter  m  *lect«io- 
grsphitic  brush.  (NaUoaal  Caibots  Co.) 
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osrreat  density  and  meehaaical  fristto&.^/orf 
ffltiono  la  current  density  arg  da?  *.»  t'u- dd - 
ones  to  the  radius  id  curiams.:  r  jtaah  esaS 
eoiaawstator.  as  sks-~,y.  ;«  t-IJ.  Morn  to 
asajdism  tamparetor®  to)  i©  aterrrtsC.  *$¥<&* 
ing  is  toured  to  tbs  arcing  x©as,  sdib  pro,. 
gra*>£dvaly  lower  tosnpsratu.-ss  is  ?hs  C©@*. 
particle  and  paini-ee&txcl  scsbs.  i^ossareatf,. 
the  teKqasrsisnv  dii&rtbtttioa  due  to  mechanical 
Irlc-ito®  shovra  tiis  highest  tosaporatos  at 
to  point-contact  sobs,  with  pregsressivsiy 
toms  temparstures  in  the  free-particle  and 
arcing  acmes.  Measurement  of  the  Eeaidtast 
temperatures  aecribable  to  bath  esorees  it 
any  one  point  has  never  been  undertakes!  with 
any  success,  except  to  eoteblioh  tint  to 
brush  temperatures  are  not  fcossogaaesaa. 

Although  to  exact  rotatlonship  tot  sMols 
between  the  eosilleieai  e?  friction  n®fl  the 
rate  ef  brush  wear  is  rashly  explicit,  it  ia 
reneonaM®  to  assume  that  brush  wear  will 
increase  ag  to  friction  between  commutator 
and  brush  increases.  Figure  4  M  .chows  this 
relationship  for  an  olectrographlEic  brush. 
For  this-  reason,  any  interference  with  to 
commutator  surface  film  will  bitag  about 
an  incroase  in  to  ccoiSeiont  oi  friction  and, 
therefore,  the  rate  of  wear.  Since  to  com¬ 
mutator  surface  film  is  compocsd  of  eojspor 
oxl cte,  carbon,  water  vapor,  ana  oxygon,  any 
coedilica  which  removes  any  ono  e$  toss 


Fig.  i-7i.  Brush  w«iar  rats  vs.  coefficient  cl 
friction  for  an  «loctrs»jjr!SphUic  brwch. 


"  .-di  touts  trill  ahaag®  to  pesaposltiea  o2 
tt>s  film  and  fiubss5w=a%  Sfes  rale  af  brash 
■i-yzv. 


■CijwMt-j&siai'  surface  file®  are  sabfsct  to 
dsteiiorsiion  by  atmsaptoirle  contaminants, 
which  are  called  ^ommulatorpMcona, '“These 
poisons  act  as  rodueteg  ageato  >;M  toad  t© 
react  upon  to  metallic  noacHteonto  ©S  to 
film;  ia  aufficiont  quantity  top  dll  destroy 
to  film,  felssoot  any  organic  ©©spjssad,  ec4~ 
van t,  or  corrosive  vapor  wiM  operate  upia 
the  film,  .including  acid  fesaots,  eMorlao  and 
other  halides,  tobacco  oeh&s,  earboa  tstra- 
chloride,  paint  tones,  a&i  trargBEfins,  alco¬ 
hol,  and  oil  vagsora, 

Tho  affects  oi  thoso  pds&m  cpsa  to  cwr« 
toes  film  Is  immediate,  sevare,  ami  snatatBoiS, 

A  striking  oisampio  of  to  effects  of  earfeea 
tetrachloride  was  obsarwsd  tsSwn  this  sol- 
vent  was  used  come  c&sSastce  away  (Frost  a 
d-c  machine.  Prior  to  tMs  occBsrsnse,  the 
measured  coefficient  of  SrieHca  ©S  to  bruafe- 
commutator  combination  «b®  (suitably  low, 
but  tirifixia  e  minutes  niter  to  eentalnsr  cS 
solvent  had  baou  o.peitod  to  to  air,  to  eo$f~ 

£i clout  of  friction  doubled,  WltMn  M  minvioc, 
ths  charact-eriatie  brows  airsof  poMoii  of 
the  commutator  bog&sj  to  shov  raw  etroako 
of  copper  sad  bscoots  p’®iwiid!  ans.1  pitted, 

Tils  poll  shod  surlass®  d  to  ferusSias  Sis-  4 
esmo  xxsughsnod  and  exhibited  isreaeusBed 
copper  »5c?cihg.  This  ccsatSitlora  semsiiisd  tor 
over  8  bourn,  although  fes  carbeB  tetra- 
chlortdo  ted  boon  in  use  to?  ®sly  a  tow 
minutes.  During  tiioes  §  hmm3s  tfes  xe&<3 
of  brush  wear  doubloA.  This  ossrapSe  is 
particularly  significant  feaesuso  carboss  tetra¬ 
chloride  is  cosimcsily  us*il  as  a  groaso  sol¬ 
vent.  Aa  a  nolo  of  intos'-ast,  Esasiy  motor 
manufacturers  frown  ths  practice  of 

using  tide  eoivont  upoa  ©r  mss  flay  com¬ 
mutator  (os*  slip- ring)  typo  EBsclda®.  To¬ 
bacco  smoko  is  equally  ^arfractivo;  just  a 
puff  or  two  ’trtll  double  tfes  is-ush  Mctica 
tor  savers!  minute o. 

Commutator  surface  fteaa  rosy  be  affected 
adversely  also  if  water  va|®or  a?  oaygse  is 
removed.  Tills  may  cccar  at  Mgh  aitltudss, 
whom  tiuj  concsnt.ratioa  ci  water  end  oxy¬ 
gon  croacos.  Figure  1-75  Bftcws  to  change 
in  wear  rate  versus  aititesto.  SspasIsseuM 
evidence  shows  that  tfea  pree-  '  es  of  water 
vspor  fsnd  oxygen  ia  to  Si ra  aido  coiasautetica; 
by  a  lubricating  nctioa.  Wfess  a  cosnsiutetor 
is  oporated  at  high  altitudes,  tos®  labri- 
csrnta  are  si©  longer  pregaet  to  SitfSci©r4 
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quantities.  la  addition,  tee  reaosd  arsing  eaucsA 
by  the  decreased  proafluro  efivarcely  affieete 
to  wear  irate, 

Tisa  asMSicn  e 3  eomo  saatallie  halides  t<™ 
to  brush  has  boas  found  to  Increase  bsmls 
life  ai  Mgh  altitudes  by  promoting  the  for¬ 
mation.  si  a  film  wife  slightly  difiererd  ee2= 
atitaento,  but  eae  that  io  sipaliy  oE&sttm  ao 
a  lubricant  Bartum  fluoride  (®aFB)  has 
gained  favor  for  this  purpose,  asul  fes  brush 
wear  rate  for  a  brush  00  impregnated  Is 
shown  in  Fig.  l-7§.  The  amount  to  be  added 
is  determined  by  to  altitudo  range.  Ebissari- 
ments  have  indicated  that  adding  betoosa 
5.5  and  7.0  percent  bartea  fluosids  wlM 
enhance  high  altitude  performance;  to  brush 
in  curve  B  o l  Fig.  1-75  had  0  p-sreont  added. 
The  data  3 her:; a  in  Fig.  1-75  io  slStosnoro 
significant  ednes  the  effective  operating  length 
of  most  brushes  io  1/4  to  §/0  issk 

A  proposed  specification  for  airborne  ap- 
plications  requires  that  at  §0*000  iooi  m 
brush  shall  fail  before  350  hours  of  operation 
sind  that  to  average  operating  life  prior  to 
brush  failure,  if  any,  of  all  dynnaiofoyg  tested 
shall  ba  not  less  than  SCO  hours, 

ELECTRICAL  PROBLEMS 
Flaahovog 

K  an  increase  in  cscoadary  amenta  Ss 
rapid  enough  and  of  sufficient  magnltudo  to 
distort  to  magnetic  field  around ths  armature, 
high  transient  voltages  may  be  produced  be¬ 
tween  adjacent  commutator  segments  wfrlck 
li  high  enough,  will  load  to  iiaahover.  The 
normal  potential  tiifiL'.'Oiico  bstwseB  P.djscoisi 
segments  (for  a  given  output  voltage)  will 
incroaas  as  tlio  number  of  segments  of  th*i 
commutator  decreases.  Therefore,  tlio  ilkcli- 
hood.  0?  flaahover  is  greater  with  email- 
diameter  commutators  (having  few or  seg¬ 
ments)  commonly  found  iu  small  high-speed 
units.  Suotalned  fiaohover  will  cau.a«  car¬ 
bonization  of  nearby  ineulctlon,  and  will  eventu¬ 
ally  result  in  total  failur®.  For  a  gives 
load,  flaahovop  io  more  lihsly  to  occur  at 
liigh  altitudes. 

Corona 

Corona  la  a  conuuoji  ccewrroEce  at  felgh 
altitudes  if  high  voltages  ana  present  at 
points  having  small  radii  of  curvature,  Obco 
initiated,  corona  will  ba  ouniained  until  to 
ionizing  potential  has  boon  rodttced  cuheisra- 
tlally  below  tho  plaiting  voltage,  as  siurwjs  in 
Fig.  1-76. 
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Pig.  S~TS.  Bruch  wear  rots  vo.  oltttctfo  fes1 
(A)  Normal  bniah  and  (25)  Brush  treated  with 
barium  fluorldo,  (Kate:  Commutator  rjicod, 
brush  pswerairo,  cur  root  density,  toldceactantt} 

Tito  offeste  si  corcas  sirs  saaBifeetad  la 
two  wn ye.  Oao  effect  Is  to  datesteatlca 
of  insulation  In  to  vicinity  e?  to  iBcefeargo 
duo  to  to  prcjfcicttca  eS  ©uoao.  Ssv@to  w’esa, 
M  sustained,  will.  causa  s&ctetoite  eS  ojg? 
organic  materials  pmA 

A  eoce-nd  offeet  of  corona  Ira  ssaaifostoil 
5jy  the  propa^-aUa.  «?  radiated  esargy  to 
s  bread  spacta-'a  rargtog  from  i©,fi00  cps 
to  &vee  1.0  Ms  at  voltages  te  -10  mv. 


ALTITUDE,  THOUSANDS  Of  FEET 

Fig.  1-73.  SsprMter4ati«ffl  cnrvoe  of  tta  ccrcssn 
cifioci  sS  high  aliltafos.  (n)  Curosia  starting 
starve.  (0)  Coreaa  crtijsgKiefoiiyt  cure®. 


M - -'■  »« 


Although  Me  aspect  of  corona  ha*  no  effect 
tipwj  tisa  dynamotor  itself,  the  radiated  energy 
may  ©ripple  nearby  coeaimmlcation*  equip- 

ojenS. 

M-FISk&BO 

R-P  ssqlsa  generatioa  So  nn  aggravating 
dyja&aotor  problem.  Sadi  coirs  is  produced 
at  the  bmai;  commutator  interlace  vr here  ccjb- 
inwtaiicn  producer.)  aparfcs.  A cocoodary  uouree 
off  ooisa,  bniah  bounce,  is  caused  by  vi¬ 
bration  or  commutator  eccentricity.  Brush 
bounce  tends  to  lift  the  brush  off  the  com¬ 
mutator  surface,  tbs  effect*  becoming  mors 
pronounced  as  tha  armature  speed  increase*. 
The  spectrum  covered  may  range  up  to  200 
Me,  both  conducted  and  radiated.  The  noise 
intensita  increases  as  tlv?  output  current 
incroaii  ;  intensities  up  to  2500  microvolte 
hare  been  measured,  The  conducted  noise 
level  io  much  highar  than  the  radiated  level, 
and  tends  to  peak  fcatweoE  5  and  16  Sic. 
The  conducted  udoe  level  may  be  reduced 
by  suitable  filtering.  The  effects?  of  radiated 
energy  may  be  minimized  by  suitable  shield¬ 
ing,  Increasing  the  distance  between  dym-_ 
mete?  and  the  equipment  troubled,  ensuring 
excellent  siseial-to-snotal  bonding  of  the  frarnc- 
to-mounting  structure,  and  connecting  snail 
mica  capacitors  (0.01  to  0.006  mf)  acroos 
each  pair  of  brushes. 

A  secondary  ecflyce  of  x~t  isoiee  may  bo 
foend  within  the  dynamotor  armature.  The 
armature  ttheft  end*  are  normally  Insulated 
frean  the  frame  by  a  film  oS  lubricant.  The 
armalnre  core  and  shaft  may  build  up  a 
static  charge  duo  to  tli®  high  apoed®  and 
the  capacitance  that  may  exist  between  tiia 
coa'O  and  tho  windings..  When  tills  potential 
becomes  high  enough,  it  may  arc  through 
tho  lubricant.  This  form  of  radiated  energy 
may  be  avoided  by  using  n  grounding  brush 
cosiaeeted  bahveen  frame  aad  shaft. 

Kclse  Filters.  Specification#  for  Inductors 
and  capacitors  for  r-f  filtering  are  included 
in  MJ.-D-24A. 

iiowrac 

OynsLKOtors  sir®  com  mealy  mounted  inte¬ 
grally  with  tho  equipment  for  which  they 
are  furnishing  power  by  means  of  cither 
wrap-around  straps  with  bolt  holes  os'  mount¬ 
ing  feet  cast  Integrally  with  the  frame. 
If  *  dynamotor  isJ  to  be  mounted  ditectly 
upon  an  equipment  chassis,  it  is  good  practice 
to  brace  the  chassis  beneath  the  machine 
to  prevent  chasate  distortion  duo  to  the  high 


weight  per-sq-fl  eotnmco  tolfeeseicompoaEita. 
Further,  because  the  dyoametor  la  x  rela¬ 
tively  heavy  eotapcnsni,  it  is  inadvisable  to 
as©  shock  or  vibration  isolators  to  isolate 
the  equipment  tern  the  vibration  produced  by 
the  armature  rotates;  the  proJorred  practice 
is  to  Isolate  tbs  iadlvlduai  components  fraa 
tho  chassis  props?,  arri  to  mount  the  dyne- 
saotoz  firmly  to  tfca  chassis. 

H oat  dynamotoro  vss  ball  bearing  armature 
supports.  These  bearings  are  primarily  de¬ 
signed  to  support  radial  thrusts  only,  bo- 
cause  the  dynamotor  generally  does  not  hav® 
an  external  mechanical  load  which  zalgM 
produce  ether  forces.  Therefore,  the  dyna- 
inotor  should  be  mounted  so  as  to  have  tha 
staS  auto  a*  closet  to  horizontal  ag  possible. 
Where  a  unit  may  be  subjected  to  esternal 
vibrates  or  accelaratica,  the  shaft  axle  is 
beat  pesdtionod  psvx-qsdicKlar  to  thsso  forcoe, 
bo  that  longitudl.  armature  motion  cannot 
distort  the  end  caps  (or  balls)  which  support 
tho  Jw«s:.'  -s  and  shaft  bearings.  Sad  cap  die- 
torttoa  may  reeult  in  damage  to  the  commu¬ 
tator  surface  film  or  mechanical  interference 
with  ar.aaturo  zetetic®, 

LUBSSCAMCK 

DynaEtatore  -are  frequently  suppliod  with 
sealed  bearings  and  may  sad  require  irolubsi- 
caticn  during  their  lifetime.  Thoso  units  that 
do  raqisire  periodic  lubrication  may  mo  grea&a 
proscribed  by  MH.-G-3216,  Grease;  Aire  rati 
and  Instrument  (For  low  and  high  toiupors- 
turea).  Urder  thie  specification,  a  gross?® 
aid:  iblo  for  low-temperature  ua*  must  be 
capable  of  permitting  *  204K  Conrad  type 
B-balS  hearing  to  complete  qae  revolution 
within  6  eeeocdo  at  -66  F  with  not  more 
than  SOtS  gsa-cm  «?  torque  applied.  Use  choice 
of  lubricant  for  lew- tom  persiurc  use  can  fe® 
determined,  to  some  extent,  by  tho  type  of 
unit  to  bo  lubricated.  The  temperature  at 
which  the  armature  will  coxnntonce  rciafica 
*»  th®  ambient  temperature  is  increased 
from  very  low  valuoo  with  3  given  type  and 
grade  of  lubricant  will  be  lower  with  units 
of  larger  size.  The  reasc-i  for  this  behavior 
is  that  dynansc-tors  with  high  output  are  fre¬ 
quently  compound-  round,  with  aeries  windings 
capable  of  producing  high  darting  icrqrse, 
whereas  small  unlta  usual ly  have  only  rhuet 
windtaga 

nigb-Tgaagerature  Lubrtcatioa 

T5»o  choice  oS  lubricants  for  asa  at  high 
tempsratov*  will  be  detanninod  by  the  masi- 
mons  tanaperaturo  to  be  oncouoterod  This 


choice  is  not  simple,  since  tha  saiae  lubri¬ 
cant  must  bo  suitable  af  low  temperatures. 
The  problem  exists  of  obtaining  a  lubricant 
which  will  not  solidify  at  -65  F,  but  will  also 
bs  capable  of  surviving  s.t  temperatures  as 
high  as  150  F  or  higher,  and  which  will 
not  vaporize  nor  conttense  upon  the  commu¬ 
tator.  Recent  developments  using  synthetic 
organic  compounds  classified  as  polyalkylens 
glycols  have  shown  this  group  of  lubricants 
to  have  low  pour  points  with  +"a  additional 
advantage  that  high  temperatures  do  not  cause 
carbonization  or  solidification.  For  tills  rea¬ 
son,  they  may  prove  satisfactory  as  a  vehlcl® 
for  dry-typa  lubricants  such  as  molydenum- 
dl sulphide  or  colloidal  graphite.  Another  ex¬ 
perimental  process,  alectrofilming  of  the  bear¬ 
ings,  consists  of  spraycoating  tha  metal  with 
a  microscoy'e  layer  of  graphite- metal  which 
is  then  baked  at  high  temperatures  to  pro¬ 
duce  an  intimate  bond  between  the  coating 
and  the  inetal  base.  Electrofilming  ia  ad¬ 
vantageous  because  U  avoids  the  trouble  of 
periodic  lubrication  and  the  vaporizing  ef¬ 
fects  of  lubricants. 

Minlaturly.od  ctenamatora  tend  to  operate 
at  higher  temperatures,  putting  additional 
fltraia  on  the  c  no  a  on  lubricant.  A  simple 
method  for  determining  the  efficacy  of  a 
lubricant  la  to  monitor  the  Input  current 
to  an  unloaded  dynamotor  operating  at  the 
desired  temperature.  Any  significant  increase 
In  current  is  usually  Indicative  of  Increased 
friction  due  to  lubricant  failure. 


TEMPERATURE  RIPE 
AND  DUTY  CYCLES 

Tho  temperature  rise  of  a  dynamotor  is 
always  specified  for  a  particular  duty  cycle 
and  maximum  ambient  temperature.  Tempera¬ 
ture  rise  Id  determined  by  the  point  at  which 
the  rate  of  heat  generation  equals  the  rate 
of  heat  dissipation.  Since  the  rate  of  heat 
absorption  by  tho  surroundings  is  determined 
by  the  temperature  difference  between  ths 
dynamotor  and  tho  surroun  ng  atmosphere, 
tomperature  rise  ratings  are  always  defined 
at  a  specified  maximum  ambient  tomperature. 
Furthermore,  the  to  -perature  rise  for  a 
particular  unit  under  a  given  load  will  vary 
with  tho  ambient  temperature  because  ths 
tomperature  coefficient  of  tho  materials  used 
gives  rise  to  resistance  changos  which  affect 
the  I*R  beating. 

The  rated  duly  cycles  of  dynamotors  arc 
either  continous  or  Intermittent,  though  some 
unite  may  have  both  type*  of  ratings.  Coo- 


tanucaa  duty  is  contimtoes  foil-load  oparatloa. 
Intermittent  duty  cycles  vary  from  manu¬ 
facturer  to  manufacture"';;  typical  intermitted 
duty  cycles  might  be  10  seconds  on,  30  sec¬ 
onds  off,  1  minute  us,  5  minutes  off,  or  some 
ether  comparahis  eycls  at  idll-tead,  MX*- 
B-S4A  specifies  three  types  of  int®raolttc_-2 
duty:  (1)  Dux?  A,  5  sitautea  on  and  IS  min¬ 
utes  off;  (2)  Duty  B,  1  minute  on  and  © 
minutes  off;  and  (3)  Duty  C,  1  minute  on 
and  29  minutes  oSL  Where  a  dynamotor  has 
both  duty  ratings,  the  intermittent  duty  rating 
la  higher  than  the  continuous  duty  rating. 

Steal  Dioaipattera,  Tha  manner  by  widen 
heat  la  dissipated  from  a  dynamotor  will 
vary  depending  repoe  operating  conthtlona. 
Convection  cooling  x*  commonly  used  In  flea- 
level  applications,  and  is  usually  accom¬ 
plished  by  aa  totems!  fan  mounted  on  one 
end  of  ths  armature.  The  efficiency  of  coo- 
veefiofl  cooling  1*  direct? y  proportional  to 
air  pressure  anti  therefor®,  convection  cooling 
Is  d  jlativoly  inoitedteal  above  10,000  ImL 

Satfiatioa  coding  fa  not  affected  by  air 
preaour®,  and  may  be  utilized  at  any  alti¬ 
tude.  This  form  of  heat  dlfiri—xtion  depends 
on  the  tompersfia^  difference  footworn  the 
source  and  the  beat  sink.  As  this  tompera¬ 
ture  difference  decreases,  too  rate  of  ixeat 
radlatlaa  sleo  ■  deceases.  The  rate  of  radi¬ 
ation  may  be  enhanced  by  coating  til©  aynu- 
motor  with  n  dull  black  finish. 

Conduction  coding  may  bs  useful  at  any 
altitude.  and  It  depmte  upon  tha  area  oS 
context,  tempi)  nvl  «ro  difference  between 
source  and  oink,  ard  capacity  of  the  sink. 
Good  metal-to- metal  beading  between  the  dyna- 
moter  frame  and  Use  dyuamotor  supporting 
structure  is  osseesUsd  to  good  cocductiv® 
cooling. 

SPECIFICATIONS 

At  the  pvaeent  time  there  is  only  oo® 
coordinated  military  specification  for  oyna- 
uxotorc.  Tills  peciflca.fi  o«i,  MTL-D-24A,  dated 
15  August  1055,  ic  primarily  a  specification 
delineating  military  requirements  ter:  r-f 
interference,  dielectric  strength,  Insulation 
resiistiu.-.a,  dynamic  balance,  load,  tempera¬ 
ture  rliie,  maximum  and  minimum  ambient 
teinjmstere,  vtbratlosx,  shock,  low-tempera- 
tuj-s/iilgh- altitude  operation,  moisture  resist¬ 
ance,  corrosion  awl  fungus  regteiartce,  life, 
duty  cycle,  brush  life,  weight  and  aime-o- 
aione,  ripple,  regulation,  efficiency,  ecclo- 
Hurea,  and  overvoltage  (Input). 
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Table  1-14 — Dynau»otor  Koreeiseialapa  Deed  1b 
Military  ffcecificaUe** 


Symbol 

De.ecripttca  >: 

Dal 

DynajBotos-  Installed  to  a  mefetia  j 
ground  electroric  gear 

| 

carrier- 

OT 

JAN  nomenclature  egaarBOtor 

1  v 

liyiumotor  InstaUesI  to  e  groeod  1 

1 

vehicle  other  ttssa  2sa  DM  j 

group  (i.e,,  teats,  «4c4  ! 

1  ° 

Ground,  general  *ae  i 

0 

General  Utility 

s 

Radio 

1  c 

Communications  (Rgcehring  sod 
Trane  m  tiling) 

The  flpocifiC3±!  \  incorporates  epemting 
parameters  for  certain  specific  type*  oftSyns- 
motor*.  (Refer  to  Tables  1-14  and  l-IS-!1 
Trble  i-15  Uet*  the  pertinent  characterlitie  ; 
ci  tine  various  typos  procurable  to  &OL-D- 
HA.  They  are  not  intended  for  uas  above 
10,000  feet  altitude.  It  should  be  acted  thsd 
these  types  are  only  representative,  and  that 
any  dynamotor  which  conform*  to  ths  over¬ 
all  requirement*  of  the  specification  wilt 
be  acceptable. 

Tbers  are  a  siurabar  of  single  service 
specification*  which  may  be  used  for  !iyim- 
tacfior  ps-ocuremeni.  This  gi-oup  is  tabulated 
in  Table  1-16.  Dynamctors  covered  by  those 
specification*  were  designed  primarily  to 
ba  used  with  particular  dquipmaato. 


Table  1-15A — ByatiEOtors  c 4  HIL-S-24A,  Electrics!  Properties 


Typ® 

fkntl  relation 

Vi* 

(vdc) 

3fe  j 
(a»pi 

V„,  i 

(»dC,  | 

Boatiival)  | 

7” 

fswnpl 

Rlppl® 

(%  max) 

Regular 

Uon 

(%  max) 

Effi¬ 

ciency 

C&  min) 

Duty 

cycle 

!  OM-3***- 

14 

2.  a 

220 

0.C8 

2.27 

17 

43 

Cent. 

DSt3-3&* 

14 

iar 

SSS 

0JS3 

2.4 

1? 

m 

Int.  A 

DM-SG® 

29 

1.4 

m 

0.06 

2.27 

1? 

45 

Cost. 

DY-102/VRC* 

*S 

0.8 

m 

0.22} 

1 

1.4 

27 

SC 

fet.  A 

DM-4C? 

14  ' 

3.4 

:.n 

0.1S8 

2.0 

19 

45 

COOsS. 

DM-45® 

28 

S.T 

m 

0.1  S3 

2.0 

19 

45 

Dii-ir1 

14 

48.4 

510 

10.10 

0.210 

2.0 

12 

go 

C«st 

1  tnts 

0JS9 

513 

0.215 

DY-Oa/VRC'* 

n 

2J.S 

1053 

0.260 

2.8 

12 

£0 

Cent 

l  vac 

0.020 

2d 

1.3 

8SS 

0.030 

2.0 

IS 

48 

C0551 

BD-TT® 

id 

40.9 

1000 

O.S59 

3.0 

13 

60 

let 

DY-B5/VRC-2X 

29 

*.0 

soo 

o.m 

2.0 

11 

eo 

Coat. 

7 

20.9 

ss 

DY-97/GRC-9 

14 

io.e 

682 

8.1C3 

9.8 

19 

J'5 

Cost 

23 

a.o 

SS 

DY-133/U 

2£ 

s.e 

IS.© 

J.S 

3.0 

15 

5-3 

Cc si. 

DY-85/VRC--2 

' 

$2 

mo 

o.m 

di.® 

IS 

60 

Coot. 

DY-1J4/GRC-9X 

28 

3.B 

#W 

0.509 

8.0 

16 

SS 

Ccml 

*  Inactive  for  new  deelg#. 

f  tnetiulod  la  a  mobile  ground  elsctrwsic  6»av  csrrter. 
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Table  1-33B — Byname. ..re  at  £i'iS..SJ-34A,  Thar/sal  e.  ■  Mechanical  Prepertias 


Type 

designation 


m- 34? 

mss* 

DM-  29* 

BY- 1 0Z/7S<.-> 

DM-«H 

0M-42* 

DY-M/VRC* 

D3fl-49s 

| 

0U-T7* 

DY-89/vuc-:;; 

t  DY-S7/GRC-8 


i  Aiabte*3  Field  temp 
I  temp  fitc 

(  :( C,  a«w)  (deg  C.  isuO 


DY-13S/B 


dy-osA'RC-3 


tom  r...3»ay  j 

!  »._xtoeed 

3030  ^  Cp*o 

i  protect 

7  |  Totally 

|  'aclsesd 

72-20  j  C-ea 

,  pretested 

sooe 

p:.viS£itd 

5203  Cpsn  ] 

|  protected  I 


4.75  4.0-  2.75  S.3S 

0.3  ?J  3.8  0.39 

-3  73  4.9  2.7S  S.SJ 

3.73  7,2  ,  3.0  9.S* 

I 

7.2  ]  6.9  a. 75 

7.2  8.8  4,71  )  3.S 


DY-134/GRC-0X  I  S3 


^  Inactive  for  ivs-»  design. 

tlnstallad  In  mobile  ground  electronic  g»eu  ci-crtcr. 


Open  frara;  j 

S3 

Ootm  fra/.j 

33 

Yufafiy 

eaetosed 

S.P 

1 

TotalSy 
enclosed  | 

1  41.8 

OpCli 

protected 
(ftus  ecoisd) 

i® 

Op9® 

profs-  sd 
(Fas  cooled) 

H.5 

( 

rvp»-a  i 

protected 
;  (Scroo* 

os  •  ! 

j 

8.5 

Opoa  ] 

protected 
(Fan  cooi.;ti) 

IS 

Cp* .) 
prste  ;jd 
(Idas  ecoJrd) 

8/': 

S.Q  :  4.7  3. 76  3.0  | 

41.8  11.  iff  7.25  S.P  j 

ie  7  A  4.70  4.4  | 

i  | 

14.5  10.8  4.13  S.@  j 

8.5  7.S  3.8  4/5  J 

33  7.4  4.75  4.4 

8."  :  3  3.33  4.7 


TYFK3  AV AII.ABLJS  compound-  r.>ound.  For  unite  wiiJi  powr  ou&- 

.  ,.  nui3  bo  low  75  wo lt»,  many  manufacturer*  arc 

This  eectico  5a  <u.  ctcd  to  diseussioos  c-j  ,  . 

...  ,  .  .  ,  .  .  ,  „  ....  using  permanent  magnet  (sot)  field.!!,  in  *a 

the  types  of  dynaxcotora  and  Taxi:-  ion«  wlthm  ...  ,  ’  . 

.  '*  attempt  to  increase  the  vary  low  efficiency 

yyp«s.  (15  to  25  percent)  common  to  ihees  ar.iali 

Field;!  oalta.  This  haa  the  virtue  of  increasing  &l- 

-  fUiorcy  >.'t>  io  10  percent,  but  there  we  e-osa* 

Dynamo  to?  fielo*  or*  cl  three  diffem-1  vary  dlottnct  disadvantages.  The  magnets  mg 
types:  permanent  magnet,  efcamt- wound,  svi  ’*•«  permanently  'demagnetised  or  their  fiekSe 


types. 

Fields 


■*  * 


.  K. 


TaU«  S-lfU— BynamrhJr  Military  Epeciflcstiooffi 


f—  — 

flpeeiftcatfca 

M1L-B- 

Bats 

AieeiMhcesS 

Type*  covered 

2<1A 

15  Arg.  195ft 

1-16  April  18S£ 

O 

s  zmum&F} 

ti  duty  IS5S 

DY-6S/ARS 

S37CB|L'SA.?7 

17  Jxn.  1052 

1  -  15  Oct  1052 

DY-22/ARJ-3 

7303(USA5) 

3  Dec.  1031 

1  -  28  Oct.  1352 

DY-21/ARC-3 

745C(lj:Arf 

t  Mar.  1952 

1-4  June  1954 

DY-84/ARN-14A 

8014(Ut?Ar} 

7  Jan,  1053 

— 

DV-87/ARU-S0A 

83O0(U8AF) 

IS  Apr.  165S 

— 

PE-180 

8384<U£,VF) 

5  Aug.  1333 

— 

PE-186 

904 0(  USA?) 

22  Aw.  1055 

DY-104U 

8227A(USAy) 

19  Mar.  1554 

, - 

EY-7SA/AIC-U1 

93211DSAF) 

i«  Jan.  1954 

— 

DY-92U 

3287<UPAF5 

10  Not.  1053 

DY-77/AKJ-iS 

132581 SigCj 

11  Feb.  1954 

— 

DY-44U 

*  DM -34,  35,  33,  40.  43,  «.  45;  ED-77;  DY-85/VRC,  SSA^C,  SS/VP-C, 
197/GRC,  lOSA'SC,  333/U,  13S/GRC. 


may  bo  distorted  by  felgfe  transient  loads, 
■rheeo  load®  may  induce  high  secondary  cur¬ 
rents  whose  resultant  magnetic  field  can 
permanently'  distort  tha  molecular  silinemant 
o l  the  field  magnet  The  magnets  may  be 
permanently  &tm\$ed  by  exposure  to  high 
tom  pore  lure*  or  tba  angaatic  field  may  be 
distorted  or  vosXancd  ii  spaced  too  near  a 
steel  chassis  w  baikhsad. 

Unltsi  with  poj car  outputs  up  to  200  watts 
commonly  u®e  a  chant- ■wows d  field,  t/hllo 
machines  with  ratings  above  200  -watts  fre¬ 
quently  have  compound  field  windings.  Com¬ 
pound  field  windings  are  preferred  where 
(1)  the  duty  cycle  is  intermittent,  (3)  iow- 
teroperature  operation  is  exported,  and  (3) 
to  reduce  starting  current*.  Applications  in¬ 
volving  intermittent  duly  cycle-3  usually  require 
that  the  armature  coins  up  to  epcooi  with 
mi  aim  uni  daisy;  typical  requirements  for  mili¬ 
tary  equipment  state  that  tiro  dynamo? or  must 
develop  at  least  75  pcr-sjrfi  of  rated  output 
within  250  raUiUecocdfS.  IT;®  high  starting 
torque  of  compound-wound  units  permits  this 
and,  in  addition,  also  provides  mors  torque 
iO,r  low- temperature  oiarting  In  order  to 
overcome  lias  drag  of  lubricants  which  are 
viscous  at  low  temperatures.  The  lover  start¬ 
ing  currents  frequently  found  in  compound- 
wound  units  are  favorable  for  increanod  life 
of  input  brushes  arid  starting  relays.  Unlike 
compound-wound  motors,  the  series  winding 
Is  not  cut  ooi  by  a  centrifugal  switch  when 
the  unit  has  coma  up  to  speed. 

ArniaUire_Wln.!fi«g8ai!dCo<Bmu!  ’lor 3.  Dyns- 
motors  are  available  wtlfTsingie  or  multiple 
Inputs  or  outputs,  or  both.  For  practical 
limitations,  the  maximum  comber  of  commu¬ 
tator*  ie  four,  and  a  typical  unit  may  pro¬ 
vide  three  Inprt*  and  on*  output,  two  Inputs 


and  two  outputs,  or  one  input  and  thro® 
output*.  Multiple  input  windings  (ona  to  a 
commutator)  are  usually  rated  tor  different 
input  voltages,  £0  that  a  unit  with  input 
windings  for  8  and  13  volts  may  operats 
from  either  6  volts,  12  volts,  or,  if  suitably 
connected,  from  18  volts.  Multiple  output 
windings  may  be  treated  in  the  same  manner. 
It  is  important,  however,  to  observe  tbs 
props r  polarities  so  that  windings  are  net 
inadvertently  connected  in  opposition,  and 
that  tbo  voltage  rating  of  the  insulation  is 
not  exceeded.  Since  tho  generated  voltage 
prior  to  rectification  by  commutation  ia  a-c, 
a  number  of  dynamo  tor  manufacturer*  have 
substituted  slip  rings  in  place  of  tho  Commu¬ 
tator,  snd  thereby  provide  an  auxiliary  a-c 
output. 

Power  Ratings 

Most  manufacturers  product  f.  line  of  o'yns- 
moior*  with  outsails  ranging  from  10  watts 
intermittent  up  to  600  waits  continuou*.  Within 
a  given  frame  sis®,  if  i*  usually  possible  to 
obtain  almost  any  combination  crl  input  and 
output  voltages,  provided  the  total  power  In¬ 
volved  does  not  exceed  the  capacity  of  the 
frame  also.  Whore  a  unit  has  a  multiple 
power  output ,  the  total  la  determined  by 
adding  the  individual  outputs.  Go  no  rally  speak¬ 
ing,  a  comparison  of  two  units  having  the 
same  total  power  output  will  show  that  the 
unit  with  multiple  outputs  tend3  to  have  a 
alightly  higher  overall  efficiency  due  to  dis¬ 
tributed  currents  ia  the  multiple  windlngn. 

Voltage  Ratings 

Commercially  available  units  are  com  in  only 
designed  to  operate  from  a-c  *ourc«m  supply¬ 
ing  voltage*  in  the  range  from  0  to  230 
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volts.  Since  ssoei  ayoffm-i,'  'T  sppi  ool  or© 

mobile,  tho  ma^rit,  ot  oranv  1  unit* 

are  wound  for  6,  24  volts,  wu.«  dyna- 

saofore  procured  te  WIL-D-f  '  **.  are  d  Igncd 
to  operate  from  7-,  or  2.  -veil  ac  ‘coa. 
For  feed  operation,  tU?  Input  ’Stage  ukir 
bo  held  to  witidn  10  percent  ha  ted 
voltage,  since  voltage  excursions  .  yor.d  tMa 
range  will  reduce  f.he  already  loo  _  tficieney 
and  will  shorten  life  dsse  lncroac  '  am- 
peraturato. 

Output  voltages  obtaiaa  ‘e  an  go  irem  $ 
volts  'hr-ough  1000  volte.  Mtrot  h  ru,  i  uni'-) 
provki.:  output  ■voltages  greater  ante.:  input 
voltages  (step-up  05  .-ratioo),  dyna  motors  ar« 
available  tied  wl.U  also  perform  lep-dow* 
functions  and  combined  functions,  \  typical 
unit  In  thin  group  m  -ht  operate  (r  a  s  1?» 
volt  source  to  provide  .  .3  volts  for  tutc  heaters 
and  300  volts  (or  mot.  a)  for  plot®  and  screes. 

Regulation 

Voltage  regu..  on  cm  most  dynamoiovc  to 
rather  poor,  v/1: '  typical  regulation  charr-e- 
tortatics  averag.  -  5  to  20  percent.  Ther.-a 
figure;:  would  be  completely  unacceptable  for 
any  other  Cyra  oi  p-orar  supply  and,  es.ee pi 
for  tho  fact  th.it  most  tuebllo  communications 
equip tiK  .its  ar.-  not  ir.p-.cla.Uy  senattiva  to 
voltage  fluctuations  oi  this  magnKu&a,  dyna- 
motors  would  P:ul  lltUo  nppllc&tioa.  Com¬ 
parison  ol  dlffoi  ni  ubHo  .  esins  to  todicato 
that  regvUtlon  Ik  ->rovoa  v;i;h  um'  J  having 
higher  rated  armature  rpee-da. 

Ripplo 

The  total  ripplo  corvicrd  in  tho  dyruu-WJtor 
output  will  average  aixmt  *  *o  1- 1/2  percent, 
depending  upon  load.  That  po’  Ten  oi  the 
total  ripplo  duo  to  commutator  modulation 
will  Increase  ao  tiro  currents  through  tho 
commutator  increase  Filters  may  bo  Inserted 
in  input  and  output  circuits  to  reduce  the 
magnitude  ol  ripple  and.  harmonica. 

Efficiency 

Reference  to  Fig.  i-7t)  shows  that  dyna¬ 
mo  or  efficiency  Is  a  function  of  the  rated 
output.  The  efficiency  of  unite  with  higher 
ratings  than  those  siiowm  in  "ig.  1-70,  reach?* 
a  maximum  of  70  to  75  pen:  it,  while*  nu*si 
units  v/ith  ICO-  to  sOO-wutt  output  average 
v0  per  cut.  For  any  gtv-co  unit,  efficiency 
drops  rapidly  us  the  load  ie  reduced  below 
60  percent  of  the  rated  figure.  Figure  1-77 
shows  tlvj  efficiency  character! rnlcs  ol  a 
typical  dy  -.amoior.  The  primary  iaCtoru  coo¬ 


t--  ’iPUT  AMPS 


?\:y  1-77.  V; j,  d  operating  d>-*s-acter4rilSi:  «f 
r.  dyc.omotor, 

trolling  efficiency  nrv  also  aafl  sneatua  ■ 
speed.  High  operating  opes-ds  asaafly  rosuk 
In  lower  overall  ofA-:  sney  dun  to  increased 
mechanical  looses,  ne  sk->wb  is  Fig,  l-Ofi, 
The  onicloncy  ttvxvzz  cup  tod  by  saoai  dyp'** 
motor  manufacturers  wero  derived  natter  ^ 
mum  ccsrdtftons,  sand  ths  us  -  wiAl  fled  oper¬ 
ating  efficiency  lo  by  eou!;®’--"'  Isas  ths.-v 
tho  published  ’’‘npircs. 

Weight,  £?ap3,  ..ml  Dizaen:.1c*‘$ 


The  correiaBon  botwoee  ths  %.■%$£.  and 
vo?:  .-ae  vf  a  d,;jaraotor  and  ’la  rat  ad  e.-pacity 
Is  '  does,  with  typical  vriU.  retiring 
a-'-u-Ok ...i.ntely  1.6  cu  to.  per  wait  ootjwJ, 
cc  duty,  at  c,  weight  of  she  .1  0,08 

po-.; mi  p  r  v.ati,  ..  ,os-  dynarootors  ."re  cylin- 
dri  -d,  although  many  units  sure  el  me-,  rec- 
tangjar.  Raging  ir  agthw  ran^e  from  5  Inches 
up  to  '3  nebea,  :-hll«  widths  ar,-l  heights 
(exclusive  o S  extern  vlly  mouatod  Itc vns)  range 
from  3  to  7  chss. 

Enclosure" 

Dynarootore  .-re  .-.vaUuble  with  fosjr  fhfte c- 
ent  types  of  end.  uircs:  c  nlcnlc-’-proci,  duel- 
proof,  totally  enrlc  :d,  -usd  opon  protec  ,vi 
The  explosion  -  pr..  d  eas-o  in  d-eaigiwd  to  .  Le¬ 
vant  spark ,5  at  the  -0  -mutators  from  Igniting 
the  explosive  atm.  %  tere.  12  •*  ctynam-CFto-1' 
Is  operated  in  an  excessive  .j  clux-ty  atm-oe- 
phore,  dustprooi  cnclocus-ec  su-5  useful  to 
protect  the  commutator  and  .  '-arlny -  frees 
exnesMve  we  a  r.  The  to.  d.,  enck  cod  dynamo- 
tor  in  dcslgnod  fo;  ui:  -  r.-h©re  attni-sopheric 
ctinditions  are  corrosive-  r cults rv! m t-armf.-l. 
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ENVIRONMENTAL  CON^JBRATuWS 


iynnwyf-y 


^  ,—k  - 


Open  protected  enclosure?)  susy  be  used  where 
ifce  oporatiag  eiwisxmment  present*  no  tsj» 
usual  feazaxnda. 

Bruelsc:? 

Input  teras&ss  for  step-up  operatic^  ganar-- 
nil y  moat  lacodle  more  current  than  the  output 
brushes,  while  the  raves  no  la  true  for  step- 
down  opes*atio«,  To  equalize  the  wear  rates 
of  the  Input  and  output  brushes,  larger  brushes 
and  different  material*  are  used  to  equalise 
tbs  current  densities.  Teste  hava  confirmed 
that  input  brush  life  i&  greater  with  continuous 
oper.’.ilon  shsu  sritls  intermittent  duty  becausa 
the  high  darting  currents  are  not  applied 
as  frequently.  "Low-drop”  brushes  will  effecS 
minimal  lose«*  at  high  current  dsasitlee  ssd 
they  should  be  used  only  m  input  commu¬ 
tators.  Conversely,  "Id gh-tlrop"  (high voltage, 
low  current)  brushes  are  host  used  with 
output  eerasnotator*.  The  ravers*  holds  troo 
In  step-dowa  ope  ratios,  The  color  coding 
fox*  input  asd  output  loads  is  shown  la  Tabic 
i-17. 


Acces-sorirs 


Dyasmsior  stceassories  Include  filters, 
starting  relays,  blowers,  vibration  a*l  shocks 
isolators,  sod  connectors,  Many  dynamotora 
are  constrarted  wills  armature  chaft  exten¬ 
sions  protruding  from  one  or  both  ends  of  ttxs 
mttchln*.  These  ;  xtenslcas  may  be  used  far 
low- poorer  i-**<ha.nlc»i  takeoff  to  drivs  gonr 
reducers,  eosrtxct  breaker  points,  blowers, 
and  the  ilk*.  ''.7118  feature  ie  particularly  do- 
si  ruble  fa  applications  where  space,  weight 
or  power  ar*  at  s  premium,  atuce  the  neces¬ 
sity  fa?  a  separate  blower  motor  ie  elicit- 
aaUd. 


Temperature 

Tile  msxdiama  ambient  tons  per  sSurw  epees- 
lied  by  MLL-0-24A  ranges  from  -15  C  to  35  C, 
with  most  unite  operable  up  to  S3  C  si  rated 
load.  Conformance  to  the  jaaxlrmsa  specified 
ambient  temperatui*s  ia  EOc«#*ary  to  pswsat 
the  total  internal  temperature  (asiiicat  plus 
rice)  from  exceeding  ths  limit  aat  by  th© 
otedieg  insulation  and  tempo  ra  ins  •«-  sensd  thr-e 
components.  Feasible  efforts  c£  operation 
bay  cod  the  specified  total  internal  tempera¬ 
ture  include  shorted  armature  taswo,  a ma¬ 
ture  windings  separating  from  thasjr  eons  mu¬ 
tator  segments,  destruction  oi  biasing  lubri¬ 
cants,  excessive  brush  ■wear,  sud  restored 
cxfflcloncy  due  to  Increased  ISR  lossss. 

Successful  starting  and  opara&aaf  jtfesteia- 
parstura  range  of  -65  0,  the  lowest  specified 
In  MIL-D-24A,  is  depes*Jent  spo®  sc;  surfing 
torque,  lubricant  vforagity ,  and  beasiag  dc  siga. 
if  tbs  bearings  seise,  the  possibilit;  oi  tjuna- 
lag  out  tha  primary  winding*  ia  *ad 
thermal  protection  should  be  provldsdL 

Altitude 

Tbs  effect  of  -high  altitudes  «pe»  ferrohes 
han  been  previously  discussed.  H  poking  pro¬ 
cedures  used  on  f>lthj„  the  armature  or  field 
windings  hrre  left  voids.  It  is  entirely  pos¬ 
sible  that  very  low  ambient  presbeeres  may 
rtspiur*  the  mate  if  at  c  ova  ling  ttesea  voids, 
thus  leaving  the  boro  copper  expotsodt 

Humidity 

IDgh  humidity  may  lo.-rer  the  cSstectrle 
strength  or  taa  Lnrulr.tian  rosieiaac*  &s£K- 
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Fig.  1-79,  Cutaway  of  miniaturised  dyncawior  with  ftcc-type  commutator. 


cDoily  to  cause  breakdotR5  and  cooscquoW 
failure.  if  a  unit  haj  high  output  voltages, 
excessive  moisture  In  the  air  may  indue© 
flasbover  or  sirclng  at  the  output  commutator, 
even  in  totally  enclosed  unit*. 

Corrosive  Atmospheres 

The  effect  o!  corrosiv*  atmospheres  oa 
brushes  has  already  been  treated.  For  othar 
parts  c£  a  dynsmotor,  iststodArd  protective 
costings  are  recommended. 

Sand  and  Dud 

Tbs  ©fleets  of  sand  upca  any  high  speed 
preclsloa  machine  are  well  known,  The.re  is, 
however,  one  important  point  that  tho  reader 
should  note:  dyruimctore  with  high  voltage 
outputs  may  exhibit  a  tendency,  under  some 
cocci t! on «,  to  collect  du  ’  at  tin  high  voltage 
terminals.  A  substantial  aecwraulailoa  may 
result  in  arcing  about  theeo  pat  eta. 

Shock  and  Acceleration 

livers  are  no  suock  and  acooie  ratios  phs- 
comcns  peculiar  to  dytumotore  other  than 
those  previously  mentioned under'- Mounting.” 

Fungi 

The  development  of  a  spore  culture  tsater 
warm  moist  conditions  on  or  within  a  dyna- 
motor  enclosure  rosy  result  In  eventual  roat- 
f unction  due  to  interference  with  the  moving 
part#.  Other  than  rhleldlngoreUmJnstlngiungi 
nutrients,  there  Is  no  known  method  of  In¬ 
hibiting  these  growths. 

PRACTICAL  SUGGESTIONS 

2.  For  Intermittent  or  low-temperature  cv 
e ration,  »  compound-wound  field  is  preferred. 
Thermal  protection  should  ba  prerriikd. 


1.  For  a  gl~<33  penras-  output,  minimum 
ripple  and  niasinmm  efficiency  may  ba  ob¬ 
tained  with  low-speed  units  (if  also  and  weighs 
s*rs  act  critical). 

3.  Avoid  high  trsnsleitf  loads,  oepsciatiy 
oa  email  calls,  particularly  If  they  have  poiu 
mnnent  magnet  fields.  This  will  redh'ca  the 
poorlbSlliy  of  flaafeover  or  domagustis-atlca. 

4.  Do  nol  permit  brushes  to  wear  bsyossd 
the  minimum  specified  len-,;h,  -«d  replace 
brush  pairs  when  oitlvn  brush  ha*  ircum  to 
the  permissibl-”!  limb. 

5.  Avoid  com  mutator  poisoning  as  s  result 
of  exposure  to  carboa  tsirac Worlds,  tobacco 
aad  other  am oap,  and  the  fumes  of  acids, 
lubricants,  rvtinU,  and  other  hydrocarbons, 

6-  Avoid  axial  thrusts, 

7.  Do  oot  overlubricsta,  and  avoid  using  a 
lubricant  that  may  vaporise'1  at  hn-'.  tempera¬ 
ture*.  (Se§  No.  5  above.) 

D.  Protc-ctl’-'o  coatings  should  always  b» 
used;  dull  black  paint  la  useful  la  Increasing 
tha  radiation  collar' vity. 

0.  Avoid  using  Stem*  such  as  urns- coated 
capacitors  within  the  dysamotor  snclosurt. 
The  may  melt  at  high  temperature*  aad 
interfere  with  the  proper  operation  of  the 
bearing*  and  comrauiaiors. 

TRKND3  AND  DKVSLOPMSNTS 

Developments  In  tbs  held  af  mltsiaturlsatica 
hara  boon  extended  to  d-e  power  supplies. 
Dyuamotore  tore  been,  and  are  being,  de¬ 
veloped  for  particular  application*  (such  a* 


guided  missiles)  whoss  requirements  m&y  bo 
summed  ap  as  follows: 


lapoi: 

6  or  A3  velia  dr. 

Ctoicti 

1&0  to  210  volts  dc  ui  15 
to  30  ma  (2.5  to  1  watte 

G'*i  i 

length  of  4  Inches,  diam¬ 

eter  up  to  1-1/2  inches 

Li.  ■: 

Shock  slid 

5  hours  average* 

vibration: 

operable  during  sccelar- 

alioas  oi  10,00-3  g  whila 
to  cacs  la  spinning  si 
10,000  rpnu 

Figure  1-78  showi-  a  prototype  miniaturised 
unit.  Generally,  In  miniaturized  dyniUBOiars, 
face-type  commutators  and  brus,...-3  are  used 
io  reduce  the  case  diameter  and  ic  minimise 
to  effects  c-i  longitudinal  eceeieraticsn.  (3) 
Printed-circuit  face  commutators,  such  as 
those  shown  In  Fig.  1-78  {In  place  of  the 
usual  copper  Insert  bare)  tevo  bean  used  with 
limited  success.  For  one-shot  use,  thsy  ap¬ 
pear  to  bo  sd equate  sad  do  effect  substantial 
apace  and  weight  savings.  Another  distinct 
advantage  c 1  the  printed  commutator  la  that 


tors  is  lags  tendency  to  throw  off  a  ecausiu- 
taior  segment  at  very  high  armature  speeds. 
For  example.  If  the  armature  speed  of,  say, 
COOO  rpsa  is  added  to  case  roiatica  of  10,CMMS 
rpra  (ia  the  same  direction),  to  effective 
total  speed  of  to  armature  is  19,000  rpa. 
At  £Ms  speed,  solid  commutator  bars  are 
likely  to  be  to  own  aJL 

Two  operating  curves  of  Fig,  1-70  llluf!- 
trnte  to  characteristic  low  efficiency  of  small 
dyaam  odors.  Alnico  V  permanent  magnet  fields 
are  udde'v  vised  in  this  type  si  dynsmeior  to 
increase  the  efiidcasy. 
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Ft*.  1-79  "to  operating  cur.f-a  oi  i  miniaturised  chaamotor  similar  to  the 

0*4  In  Fig.  1 . 7$. 
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TRANSISTORIZED  ?OWffi  SUPPUES 


Although  transistors  are  being  applied  4® 
tJie  output  of  a  conventional  tube  or  dry-dialt 
rectifies  as  a  means  oi  regulation,  in  this 
book  transistorised  power  supplier  re  taken 
to  mean  the  use  of  transistors  as  a  switch, 
much  as  a  vibrator  operates,  to  convert  di¬ 
rect  current  to  alternating  current,  which  is 
then  rectified  to  furnish  direct  current  at  a 
new  voltage  level,  regulated  or  unregulated. 

It  is  reasonably  certain  that  the  transistor 
will  eventually  supplant  the  vibrator  in  this 
function  and  that  power  supplies  using  tran¬ 
sistors  as  primary  components  will  replace 
the  dynamotor  as  a  power  source. 

Transistorized  power  supplies,  compared 
to  vibrator  or  dynamotor  supplies,  have  tho 
advantages  of  no  moving  parts,  light  weight, 
small  size,  greater  efficiency,  longer  Ufa, 
relative  immunity  to  shock  and  vibration,  and 
small  maintenance  Compared  to  tube  power 
supplies,  they  have  the  additional  advantage 
of  requiring  no  warmup  period.  M  prosaist  tho 
transistor  la  limited  In  tho  power  it  can  handle, 
and  it  is  adversely  affected  by  high  tempera¬ 
ture. 

Considerable  research  is  under  w*y  to  ex¬ 
pend  the  working-temperature  m&je  and 
power-handling  abilities  of  transistors  and  to 
develop  improved  transformers  for  use  in 
transistorized  power-supply  systems.  While 
it  1 8  too  early  to  ba  very  definitive  about  the 
characteristics  of  such  supply  systems,  the 
following  comments  apply  to  the  situation  a® 
of  December  1957. 

OPERATING  CHARACTERISTICS 

Efficiency.  Efficiencies  of  60  to  80  percent 
are  fairly  easy  to  obtain.  In  practice,  90- 
percent  efficiency  can  bo  secured  if  voltage 
regulation!  la  not  needed.  Tho  prime  control- 
ling  factor  Is  iho  design  of  tho  transformer. 
Operating  frequency  la  also  a  vital  parameter. 

Peculation.  Conventional  regulation  tech¬ 
niques  may~bo  used  with  ono  significant  vari¬ 
ation:  tho  standard  functions  of  voltage  and 
current  regulators  should  Ixt  performed  by 
transistors  If  high  overall  efficiency  and 
optimal  miniaturization  is  to  t»  achieved. 
T  rant)  tutorized  powe  r  supplies  are  com  mor¬ 
el  ally  available  that  provide  stable  output 
voltage  under  conditions  of  varying  load  cur¬ 
rent  and  input  sour  ■?  voltage. 


Operating  Frequency.  While  the  larger  pro- 
portion  of  transistorized  power  suppfie*  cur¬ 
rently  being  manufactured  utiliza  operttiBg 
frequencies  between  400  and  1200  ep»,  the 
range  of  frequencies  actually  being  a*«t  or 
tested  extends  from  29  to  20,000  epe,  Ths 
operating  frequency  is  determined  primarily 
by  transformer  design  and  Biter  require¬ 
ments.  Where  size  and  weight  are  of  vital 
significance,  it  is  desirable  to  operate  at  a* 
high  a  frequency  as  possible.  From  the  oppo¬ 
site  perspective,  however,  no  difficulty  Is 
experienced  in  operating  urite  at  freqaaaeie* 
as  low  as  6fi  ns,  although  the  tranafonaser 
and  filter  become  awkwardly  largo, 

A  large  part  of  present-day  Investigation  of 
operational  frequency  limits  is*  concerned  with 
tho  transformer  of  saturable  reactor  cores, 
specifically  in  terms  of  size,  material,  and 
configuration.  A  cup-shaped  core  is  belnj 
tested  for  efficiency  above  IS  kc;  impart- 
roenis  are  being  carried  out  using  coroo  wound 
with  special  alloy  tape®  ol  varying  gnr.333  and 
widths. 

Tho  growing  feasibility  off  operatte©  si 
higher  freqi-  ties  is  expected  to  make  possi¬ 
ble  further  reductions  In  st:o  and  weight  of 
transistorized  power  auppltea. 

Power-Handling  Capabilities?.  live  pymr~ 
bsn-dUng  capabilities  of  tho  transistorize 
power  supply  at  present  are  limited.  There¬ 
fore,. most  currently  manufactured  pemer  sup¬ 
plies  utilizing  power  transistors  fall  izio 
power  ranges  below  approximately  39  watte. 
A  fow  devices  exist  In  which  output®  ranging 
up  to  1000  watts,  and  slightly  higher,  axs 
provided.  Extending  the  power- handling  capa¬ 
bilities  of  the  unit  la  essentially  the  problem 
of  increasing  tho  current-carrying  capacity 
of  the  transistor  element  itself  by  incres^imj 
tho  allowable  power  dletdpsiioa  of  the  Junction 
or  by  reducing  losses  In  tho  translator.  Too 
power-handling  capabilities  of  mb*  repre¬ 
sentative  commercial  supplies  srs  M.#*d  in 
Table  1-18  together  with  data  relevant  to 
input  and  output  voltages  and  appreodwate 
sizes  and  weights. 

Supply- Voltage  Requirement®.  For  ass  to 
dctio-dc  converters,  power  transistors  are 
designed  and  manufactured  to  function  frets 
input  voltages  of  1.5,  3.0,  0.9,  12.0,  24,  osr  32 
volts  dc.  This  range  covers  iha  24-veti  pri¬ 
mary  sources  carried  In  military  vehicles, 
oven  including  voltages  encountered  daring 
peak  charging  Interval®.  The  tranelwtors)  snwl 


Table  1-18— Operatic  Cb»x»ctenj«ea.  Weights,  and  Dimensions  ol  R«pr MsaSatlw  CosaawarctsS 

TreswIMorised  Powor  Supplies 


Input 

voltage 

(vdc) 

Output 

voltage 

(vdc) 

Output 

current 

(ma) 

Output 

power 

(watts) 

Size 

fin.,  epprex) 

Weight 
{!&,  appro®) 

s 

1060 

1 

1 

2  x  2  s  S-B/3 

S/4 

n 

125 

4S 

5 

2-1/2  s  2-1/2  xfl 

Ll/2 

13 

1000 

3 

5 

2-1/2  a  2-1/2  x 6 

l-i/1 

2* 

500 

50 

25 

2-1/2  s  2-1/2  *  6 

1-1/* 

28 

240 

130 

30 

2-1/2 s  2-1/2  s6 

t 

28 

200 

250 

50 

2-1/2  s  2-1/2  x  e 

2 

28 

120 

825 

75 

3  x  S  x  8 

2 

28 

150 

500 

75 

3  »  3s  8 

2 

26 

250 

@00 

75 

3x3x8 

2  | 

U 

500 

168 

76 

JsSrC 

8  1 

28 

1200 

82.5 

75 

3  a  8  x  8 

2  j 

!  28 

250 

400 

ICO 

3x3x8 

8  J 

28 

500 

200 

100 

S  x  3  s  0 

2  | 

23 

1200 

84 

100 

3  x  8  s  8 

t  § 

28 

2100 

eo 

125 

3-1/2  x  3-1/2  x  6 

* 

28 

500 

SCO 

S50 

J  ss  3  x  6 

2 

28 

500 

460 

200 

3x3x0 

2  j 

28 

SO 0 

000 

soo 

3x3x6 

2  1 

SCO 

1000 

500 

5x0x8 

4  J 

be  capable  o?  withatamtog  twico  ihs  nnsnlnaBy 
rated  d-c  input  voltage. 

PHYSICAL  CHARACTERISTICS 

Size.  Ttys  physical  nlze  cl  a  transistorized 
power  supply  is  appreciably  smaller  than  that 
of  a  vibrator  power  supply.  Operatl*.  at 
higher  froquatseiec  promises  oven  greater 
reductions  In  size.  At  higher  'retjacBdea, 
smaller  and  fewer  altering  components  will 
be  required.  It  la  also  anticipated  that  trans¬ 
former  core  mass  can  be  substantially  re¬ 
duced  at  higher  operating  frequencies.  At 
present,  production  efforts  toward  reducing 
size  have  achieved  a  voUune-to-power  output 
ratio  as  low  as  1/3  cubic  Inch  per  wait,  ltep- 
ro.stmtatlve  dimensions  for  supplies  providing 
various  power  output  levels  are  given  in 
Table  1-18. 

Weight.  The  volume  and  density  of  the  trail - 
aitor  is  extremely  lor/;  tho  weight  of  all  asso¬ 
ciated  components  to  simferly  low  (trans¬ 
former  core  and  windings  plus  filter  compo¬ 
nents)  and  can  bo  expected  to  decrease  butties' 
with  higher  operating  frequencies.  Commercial 
production  has  already  achieved  a  weighl-to- 
power  ratio  of  1/ 10  ounce  per  watt  In  certain 
units. 

ENVIRONMENTAL  QUALIFICATIONS 

Environmental  tost  data  is  extremely  scarce 
due  to  tht  newness  of  this  device  and  tbs 
liquid  state  of  current  design.  Transistorized 
pewor  supplies  have  been  hermetically  sealed 


and  fully  potted  for  njossurSE®*!  *  cl'  per¬ 
formance  figures  in  this  cectlcn.  R  caa  ho 
seen  that  encapsulating  in  the  potting  com¬ 
pound  contributes  greatly  to  the  ruggednesa  cl 
the  over;vll  power  {.apply,  enabling  it  to  with¬ 
stand  prolonged  exposure  to  cavers;)  and 
severe  environments  by  allmiaailag  rdsttve 
mot lo.o  between  component  part®  surd  reading 
o«t  humid  and  corrosive  aimeepbera*, 

A  realistic  view  of  the  snTiraesaasttal  etspe- 
bUition  possessed  by  oosne  of  the  hotter  .trmao- 
facturcd  units  may  be  had  by  noting:  tho  per¬ 
formance  figures  exhibited  when  tested  to 
Military  Specification  Ml . -  E  -  5 572A( l ). 

Shock.  Tranaistorizod  power  sappllea  6s- 
eigned~?or  military  appllcatlcss  are  rc;'dred 
to  withstand  a  shock  test  calling  for  IS  Impact 
chock  of  15  g,  each  shock  impulse  having  a 
time  duration  of  11  mlllisecGodfi.  The  maxi¬ 
mum  shock  Is  to  bo  reached  in  approximately 
5-1/3  ratll]  seconds,  and  tho  shocks  firs  to  be 
applied  in  the  following  directions: 

1.  Vertically,  throe  shocks  la  each  direc¬ 
ti  oo. 

3.  Parallel  to  the  major  horiroatal  avia, 
three  shocks  in  each  dlrectloa. 

S.  Parallel  to  the  minor  hortxodtai  axis* 
three  shocks  In  each  direction. 

Units  are  now  In  manufacture  that  contiao* 
to  function  normally  during  and  after  such  x 
test 
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Vibration.  Unite  are  required  ft©  undergo 
vibration  of  10  to  55  cps  at  as  aoplitude  at 
0.03  inch  (0.06  inch  total  excnratoa)  in  any 
plane.  Manufactured  transietorissd  power  sup¬ 
plies  meet  this  test  and  operate  Eorsnally 
during  and  alter  it. 

Acceleration.  Units  are  mounted  oa  a  cen¬ 
trifuge  and  brought  up  to  rotational  speed 
until  a  specified  radial  acceleration  is  attained. 
Speed,  and  hence  acceleration,  aire  then  sta¬ 
bilized  for  a  period  c<  not  less  thsa  1  minute. 
Units  currently  available  exhibit  bo  mechanical 
failure  or  aaaliunctirti  when  testedistisia man¬ 
ner  at  50  g  acceleration  for  Intervals  up  to 
2  seconds. 

Temperature.  Equipment  Is  required  to 
function  under  a  range  of  temperatures  ex¬ 
tending  from  -54  to  71  C.  Commercial  units 
are  now  available  that  exceed  this  range  at 
both  extreme*. 

Altitude.  Equipment  la  required  to  function 
at  pressures  ranging  from  30  ttoms  to  1.32 
inches  of  mercury,  approximating  an  altitude 
differential  from  sea  level  to  70,003  feet.  Tha 
pressure  may  remain  constant  or  may  change 
at  a  rate  as  high  as  0.5  inch  of  mercury  per 
eocond.  Again,  commercial  units  ar®  now 
equal  to  the  test  with  a  wide  margin  of  re¬ 
serve. 

Humidity.  Equipment  Is  requited  to  operate 
In  atmospheres  of  100  percent  relative  hu¬ 
midity,  exhibiting  no  effect  on  the  stability  of 
operation.  Commercially  marketed  units  are 
available  that  meot  this  requlransest. 


THEORY  OF  OPERATION 

The  following  deocriptica  of  oco  transis¬ 
torized  power  supply  is  typical.  (1) 

This  transistorised  paver  supply  consists 
essentially  of  a  eai.  rablo  reactor  with  the 
requisite  number  of  windings  and  Use  power 
translators.  Operation  depends  on  a  switching 
action  accomplished  by  the  power  iranslfitors 
when  triggered  by  signals  from  a  feedback 
winding  a 1  the  reactor. 

Tha  transistors  function  In  a  manner  simi¬ 
lar  to  the  contacts  of  a  vibrator  In  that  when 
one  Is  open  the  other  la  closed.  In  practice, 
these  transistors  differ  Corn  trua  switclwa 
or  switch  contacts  in  the  following  respects: 
(1)  they  have  Intermediate  conductance  levels 
between  full  "on"  and  full  ,4off, "  which  ac¬ 
counts  for  some  rather  high  dissipation  level* 


during  ewiichissg,  and  (3)  ttey  require  a  re¬ 
verse  power  to  hold  them  off  at  Ugh  teinpers.- 
turee. 

The  trassletom  operate  Is  &  pash-piE 
oscillatory  circuit  with  the  transformer  or 
reactor  windings  arranged  to  provide  poeitlv* 
feedback  from  the  collector  trf  each  brausbrto'? 
to  its  emitter.  The  ope  rail  oa  at  the  circuit 
shows  in  Fig.  1-83  can  be  described  sa 
follows,  Assume  that  transistor  A  starts  to 
conduct  and  develops  a  voltage  across  tbs 
primary  winding.  The  polarity  is  arranged  ea 
that  the  voltage  induced  in  the  feedback  wind¬ 
ing  will  drive  the  emitter  mere  positive.  This 
increases  the  emitter  driv®,  which  lurtbo? 
increases  the  collector  current  If  the  circuit 
components  are  appropriately  selected,  th@ 
collector  trill  rapidly  bottom;  snd  a  voltage 
approximately  equal  to  the  esippSy  voltage  will 
appear  serous  the  aesociated  half  of  the  trans¬ 
former  primary  winding.  Since  the  windings 
are  oui  of  phase,  the  opposite  collector  ia 
driven  negative  to  twice  the  supply  voltage. 

In  this  condition,  transistor  A  mast  supply 
sufficient  collector  current  to  equal  the  re¬ 
flected  load  current,  reflected  emitter  cur¬ 
rent,  and  the  transformer  exciting  c’.irrosit. 
As  long  an  tba  core  is  unsatursied,  tha  ex¬ 
citing  current  requirements  will  bo  very  low 
and,  provided  the  transistor  caw  rupply  ifcs 
reflected  load  and  emitter  ceireste,  the  col¬ 
lector*  will  remain  bottomed.  W/.ih  tide  volt¬ 
age  across  Use  primary  winding,  tfc#  mag¬ 
netic  flux  (t)  increases!  according  to  the  re¬ 
lation  E  a  K ij/it.  Eventually,  the  core  wifi  be¬ 
come  saturated  causing  the  smelting  currant 


Ptg.  l-eo.  Elsie  ohcllliior  circuit.  Symbols 
arc:  A  and  B,  transistor*;  V,,  Knitter  voltajc; 
V, ,  collector  voltage;  I,.  eo.UMr  correct;  1  c, 
collector  current;  Ka,  eujpbr  vott^e;  It,  lose! 
current;  R ij  load  reslttanc*. 
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requirement  to  ries  sharply.  M  some  point 
the  transistor  becomes  incapable  ol  supplying 
this  extra  current  and  the  voltage  across  thg 
primary  starts  to  decrease.  This  decrease 
results  in  decreased  emitter  drive,  which, 
farther  reduces  the  collector  current  Thus, 
transistor  A  shuts  oft,  turning  transistor  B 
on  at  the  same  time.  Ths  next  half  cycle  is 
identical,  except  that  transistor  B  conducts. 
During  this  half  cycle,  the  core  flux  Is  driven 
to  saturation  of  the  opposite  polarity. 

A  grounded  base  circuit  is  onown  in  Fig. 
1-80,  but  design  approaches  are  not  restricted 
to  this  circuit  configuration.  Grounded  emitter 
and  grounded  collector  arrangements  ay© 
equally  usable  and  appear  as  illustrated  in 
Fig,  1-81. 

The  significant  interval  In  the  overall  cycle 
o f  operation  is  that  in  which  the  actual  switch¬ 
ing  occurs.  During  this  interval  the  transistor 
enters  and  leaves  a  region  of  high  dissi patios. 
It  is  important  to  maintain  low-transistor 
dissipation,  which  means  tiiat  the  collector  of 
the  conducting  transistor  irmai  remain  bot¬ 
tomed  as  nearly  as  possible  tor  the  full  half 
cycle. 

Voltage  Regulation 

A  number  of  considerations  apply  to  any 
voltage  or  currant  regulator  regardless  ol 
tiie  method  by  which  th@  regulation  is  ob¬ 
tained.  As  a  matter  ol  background,  the  major 
requirements  of  an.  ideal  regulator  as  set 
down  by  Smyte  are  listed  below.  (1) 

1.  Within  the  limits  of  its  operating  range, 
the  regulator  should  maintain  tile  output  volt¬ 
age  cone tant  fi. dependent  of  variations  cf  sup¬ 
ply  voltage  or  load  currant. 

S.  The  regulator  should  consume  a  negli¬ 
gible  amount  of  power  from  the  converter. 

3.  The  regulator  should  permit  tho  con¬ 
vertor  to  work  nt  Its  optimum  efficiency  untkr 
all  conditions.  In  particular,  ii  should  not 
increase  the  transistor  dissipation. 

4.  As  a  corollary  cf  3  and  3  above,  the 
regulator  should  adjust  the  drain  on  the  sup¬ 
ply  battery  to  a  minimum  at  all  times. 

5.  Maximum  power  obtainable  from  tho 
converter  should  not  be  limited  by  the  regu¬ 
lator. 

8.  Tlie  frequency  response  ol  the  regulator 
should  bo  sufficient  to  handle  th®  highest  an- 


(B) 


n«.  l  -81.  Oerillstor  circuit  configurations.  {A) 
Grounded  ssasiier  circuit  (B)  Grounded  collector 
circuit- 


iidpated  rain  cl  change  erf  supply  vojtsss®  on 
load  curreiaL  H  this  is  noi  possible,  tbs  regu¬ 
lator  should  la  no  way  affect  the  usn  ol  pas¬ 
sive  filters  for  this  purpose.  This  require¬ 
ment  also  applies  to  ft itera  used  ter  the 
purpose  of  dbewmsilag  output  rip.j'ie. 

7.  Tho  regulator  should  bs  small,  !ighi~ 
weight,  and  a *  r-torgod  a®  tho  uiiv>f  converted 
compeaicnts. 

3.  The  regulator  slv.xil.fi  bo  stable  ftjod.nsi 
drifts  due  to  temperature  enti  other  cattery,. 

Trans! star- Vwixge  Regntelioa 

Wliile  any  prosestf  ccstveniionni  form  ah' 
regulation  may  bo  applied  to  a  tefeavisfmt&»4 
power  supply,  such  a»  a  VR  tube  or  other 
reference  source  plus  the  necessary  circuitry, 
it  is  more  elegant  (at«3  mors  efficient)  to  em¬ 
ploy  translators  as  ti»  regulating  c  wupooent. 

To  IncluSa  regulation  in  simple  circuits, 
lec-diork  fross  Slw  output  to  tbo  control  wind¬ 
ing  of  the  transformer  of  r.&turp.ble  reactor 
must  be  prvrrhted.  A  variety  of  methods  exists 
by  which  tide  ns  ay  bn  accompli  sived.  A  two- 
stage  traiisistoi  snipllitef  Is  shown  i.a  Fig, 
1-82.  The  first  stags  l*  operated  with  a 


Fig.  1-82.  Rojulated  transistorized  power  supply  with  aaiurabJe 
recictor  in  output  circuit  and  showing  transistor  coni roi  amplifier. 


grounded  colloctor  to  arevida  the  correct  im¬ 
pedance  match  Into  a  Mgb- resistance  bicc  'er 
serose  iha  output.  Tha  second  stage  is  % 
grounded  emitter  connection  with  the  satura¬ 
ble  xoftetor  control  winding  acting  as  a  col** 
lector  load.  A  capacitor  between  the  first 
stage  bans  anti  ground  Is  required  to  prevent 
la Etabi  11  tie a  f.rotvj  txcurrlng  around  the  regu¬ 
lator  irodluwlt.  lens*. 

The  ch&ng#  in  cwtjsot  voltage  over  a  con- 
sidcrable  variation  in  toad  current  Is  sh.owa 
in  Fig.  1-8&.  The  regulation  is  excellent 
from  10  to  MIS  ms.  Over  this  range  tira  output 
voltage  chang»(W  about  i  voti,  o?  alight'"  more 
than  0.5  percent.  A  irajsply  voltage  reguiatioa 
curve  for  a  current  cz?  105  m*  Is  shown  ia 
Fig.  1  - 34.  For  ffl  StV-percrt/  increase  Is 
supply  TOiiage  (fcrem  S3?  to  Id  volts),  the  out¬ 
put  voltage  increases  wily  5  volts  or  slightly 
lose  than  3  percent.  Wials  title  i#  not  as  good 
as  the  load  regulation,  H  is  ample  for  many 
purposes,  if  improved  rejpsLatioa  is  desired, 
it  may  be  obtained  through  t tuo  u*»ooS  greater 
sunplifScatlon  Id  the  regwlidar  loop. 

Self -Starting  Circuitry 

In  order  for  the  harsbc  oscillator  So  start, 
an  Initial  comftUcse  of  circuit  Imbv.lstwco  mua! 
exist.  When  aging  mastetasd  transistors,  this 
Imbalance  may  tw  tJuaSe-psate  to  permit  eolf- 
siarting,  particularly  easrisr  load.  Ttris  prob¬ 
lem  can  be  overcome  by  use  cii  the  circuit  of 
.Ftg.  1-85.  The  reslaSos  fix?®  tlws  commca 
baco  lead  to  the  negattvw  ©apply  voltage  pro¬ 
duce®  sufficient  txmm  bias  cur;  not  to  cause 


oscillation..  Onca  tho  circuit  Is  oscillating, 
the  diode  ciampa  the  basas  at  ground.  Tha 
resistor  value  required  depends  both  on  tha 
load  current  and  tho  transistor  gain. 

Another  method  to  Insure  self-starting  cos- 
slats  of  placing  small  saturable  reactors  In 
serloa  with  the  load  windings.  Until  the  oscil¬ 
lator  starts*  the  no  reactors  have  a  high  Im¬ 
pedance.  Ctoco  the  circuit  is  supplying  power 
to  the  load,  however,  tha  reactors  saturato 
and  exhibit  lour  Impedance.  This  technique 
was  developed  at  the  Signal  Corps  Engineer¬ 
ing  Laborsioriee.(l) 


Fig.  t-63.  Load  regulation  for  efcrcv  of 
Fig.  i-CS. 
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Fig.  1-84.  Supply  voltage  regulation  (or  circuit 
of  FI#.  1-81 


CONTEMPORARY  DESIGNS 

A  multiple  output  hlgh-power  transistorised 
power  supply  has  been  developed  for  ground 
systems  applications  to  provide  highly  stable 
high- power  d-c  supplies  (16  outputs  in  all) 
where  sire  and  weight  axe  Important  factors. 

The  design  incorporates  an  overload  and 
short-circuit  feature  go  that  each  supply  will 
sustain  partial  or  dead  shorts  for  any  period 
of  time.  This  equipment  wa*  designed  to  meet 
M1L-P-1126SC  (Parts,  Materials,  and  Proc¬ 
esses  Used  In  Signal  Corps  Equipment,  dated 
18  December  1956)  arid  all  parts,  material*, 
and  processes  conform  to  this  spociflcatioa 
v/hors  practicable.  Easy  accosa  for  servicing 
and  component  replacement  in  a  main  feature. 

The  central  power  supply  consists  of  three 
subunits: 

1.  (a)  +300  volts  6c  at  350  air, 

(b)  - 1 50  volta  dc  at  GOO  cu 

(c)  ♦If 5  volte  dc  at  2.0  amp 


Fig.  1-85.  Translator  oocllUtor  tied -starting 
circuit 


S.  (a)  +28  volts  dc  at  2.5  mg 

(b)  +1.5  volta  dc  at  1.75  amp 
(e)  -6.0  volta  dc  at  1.6  amp 

(d)  -7.5  volts  dc  at  1.0  amp 

(e)  -28  volts  dc  at  ti.O  amp 

S.  Remote  and  Metering:  Un®- 
(Central  and  Staadby) 

The  standby  power  supply  consists  e£  tw© 
nubcolts: 

1.  (a)  +500  volta  dc  at  100  m» 

(b)  -150  volts  dc  at  260  m& 

(c)  +150  volta  dc  at  600  ma 

2.  (a)  +23  volta  dc  at  1.0  amp 

(b)  +1.5  volts  dc  at  0.6  amp 

(c)  -6.0  volts  dc  at  0.4  amp 

(d)  -7.5  volts  dc  at  0,6  amp 
(o)  -28  volts  dc  at  3.0  amp 

Tho  16  outputs  of  this  multifunctional  unit 
are  evaluated  in  terms  of  regulation,  stability, 
ripple,  and  output  impedance  in  Table  t -U. 

Eyperlmcntal  Unit.  The  circuit  of  a  tran- 
elctortecd  supply  currently  usufergdng 

final  tests,  but  not  in  final  product!  oa  as  cf 
September  1957,  io  shown  in  Fig.  I-®0. 
This  circuit  features  voltage  regulation  that 
tends  to  hold  the  output  voltage  ccssfitsnt  in 
eplte  o i  varying  source  voltage  or  varying 
load  current. 

Qua  c-c  output  voltage  ie  rectified  and 
applied  In  a  feedback  connection  to  Use  Grut 
regulator  transistor,  width  is  "’*m  tied  to  a 
Zener  diode,  functioning  as  a  constant  voitage- 
drop  device.  Setting  of  the  ovtpot-voitaja 
lovoi  ie  accomplished  by  mentis  cd  the  varia¬ 
ble  resistance,  which  taps  off  a  voltage  " 
amplifier,  lion  in  ti*  subsequent  transigtor 
stages.  This  amplified  eigne'  is  oorafainsd 
with  the  battery-cource  voltage  la  the  eosn- 
mon  emitter  circuit  of  the  switching  lTS.aad.e- 
tora.  Thus,  any  variation  in  output  current 
drain  is  reflected  through  the  common  trans¬ 
former  winding  to  vary  ilws  usdbaci;  wltags 
in  such  .a  direction  as  to  offset  tho  accom¬ 
panying  variation  in  output  voltage.  Similarly, 
a  fall  or  rise  of  tho  source -battery  wotUagg 
during  low  specific  gravity  periods  or  high 
charging- rate  intervale  cannot  preveat  the 
clnc.ilt  from  maintaining  Live  point  of  cetpot 
▼adage  equilibrium  selected  by  the  variable 
rcdstance  setting. 

Circuit  values  are  as  follows: 

Bjpct  voltage:  21  to  28  volt#  <te 

Output  power:  300  volts  dc  at  10  ma 

Aur  output  No.  1:  35  volte  ac  at  1.0  sup 

Aus  output  No.  i:  26  volts  ac  at  0c5  aosp 


Table  1-10— MuHlpliE  Outpat,  High-Power,  Trasslstoriasd  Power  Supply,  Specification  Data 


Nominal 

vcltagw 

(«fc) 


Load 

correiHt 

{amp) 


Begatctlca 

iu.1 

load  to 
100%  load 

ft) 


Stability 


Fta-aS‘2-Sw  j 
parlor  I 

ft)  ) 

i 


Output 

impedasca 


2.5 

*5 

1.75 

*10 

0.100- J.SC© 

4§ 

1.0 

*10  of 

1.5  irolU  tracking 

8  volts  m sffly 

5.0  | 

*5 

0.250  : 

*0.T3 

0.600 

±0.T5 

2.0  j 

*0.T5 

1.0 

*5 

0,3 

*10 

0.4 

*5 

0.5 

*10  •* 

1.5  volt*  tracking 
S  volts  Ripply 

2.0  j 

*5 

0.100 

*0.75 

0.350 

*0.75 

C-21H>  kc 
(ohm*) 


SIX!  fee  to  2  Us 
(etiuw? 


□ 


_ L 


v/  V  300  V  A 

V'VVW-O 

v  * 


K’i>  I 

yt  35V*c 
!;(  Auntharv 

'  OV*pi.-*» 


Bo***ry  *4 


Ftj.  1  Hegulaled  transistorised  power  rcpjjly  having  regulation 
Ioaj  ths*  1  peroral  for  JQ-percent  c!-e  load  change  and  50-perceial 
a-c  load  cliiog*  -over  temperature  ra-ege  (roa»  -5-5  to  85  C. 


MAINTENANCE 

Maintenance  requirements  are  expected  ul¬ 
timately  to  consist  of  transistor  replacement 
only.  Germanium  transistors  currently  cost 
approximately  $2.50  each,  and  it  is  antici¬ 
pated  that  further  refinement*  fa  tfa?  produc¬ 
tion  process  will  also  reduce  this  amount. 

Preventive  maintenance  measures  are  aimed 
primarily  at  preventing  excessive  transistor 
junction  temperatur  e.  This  is  necessary  since 
transistor  failure  occurs  abruptly  and  iscaused 
in  nearly  all  cases  by  excessive  transistor 
junction  temperature.  A  slight  temperature 
rise  above  the  critical  upper  limit  causes  an  in¬ 
creased  current  Dow;  this  in  turn  causes  more 
heat  at  the  transistor  junctioncauslngafurther 
increaao  in  current  flow.  That  heat  and  current 
flow  avalanche  ia  a  very  brief  interval  to 
destroy  the  transistor.  Transistors  must  bo 
replaced  In  matched  pairs  to  accommodate  tho 
required  condition  of  circuit  balance  neces¬ 
sary  to  proper  operation  in  converter  appli¬ 
cation  >.  Matching  within  5  to  10  percent  of 
imped  an  co  values  in  each  direction  is  nec¬ 
essary. 

APPLICATION  PRECAUTION 

When  the  output  ripple  is  difficult  to  Altar, 
and  may  cause  adverse  effect  upon  adjacent 
circuitry,  select  *  transistorized  j, war  sup¬ 


ply  that  utilizes  an  operating  frequency  sesfc 
that  ripple  can  be  allocated  to  a  aonobjes- 
tionable  part  of  the  associated  system’s  band¬ 
pass.  The  ripple  frequency  occurs  at  twice  fit  8 
oscillator  frequency. 

COMPARABLE  TECHNIQUES 

The  power  conversion  techniques  utilisdag 
the  dynamotor  and  the  vibrator  power  supply 
are  compared  with  the  transistorised  power 
supply  in  Table  1-9  in  terms  of  their  required 
inputs,  available  outputs,  and  dynamic  operat¬ 
ing  characteristics,  ft  must  be  realized  that 
the  quantities  associated  with  the  vibrator 
power  supply  and  the  dynamotor  have  been 
stabilized  over  years  of  extensive  use  while 
the  capabilities  of  the  transistorised  power 
supply  arc  constantly  being  improved. 
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PRIMARY  BAnE21ES 


Although  much  electronic  and  electrical 
equipment  is  designed  to  operate  directly 
from  an  a-c  source,  there  are  still  numerous 
applications  for  battery  power  supplies.  Bat¬ 
tery  power  1b  moa*  useful  where  a  high  coo- 
centraticn  of  eirorgy  per  pound  is  required, 


where  independence  of  lndividuai  equipment 
from  a  central  power  source  is  necessary, 
and  where  an  unattended  power  source  and 
renewal  by'  unskilled  operators  is  required. 

Many  primary  batter! os  of  different  com¬ 
binations  of  size,  shape,  weight,  and  electrical 
characteristics  are  available  for  use  in  mili¬ 
tary  equipment.  For  this  reason  one  of  the 


major  problems  of  the  design  engineer  is  to 
select  the  correct  battery  or  cell  for  a  par¬ 
ticular  application. 

BATTERY  CIASSmCATXQN  BY  USAGE 

Primary  batteries  for  use  in.  electronic 
equipment  are  generally  classified  according 
to  their  intended  use.  Those  used  to  heat  the 
filaments  of  electron  tubes  are  referred  to  as 
"A”  supplies.  They  are  generally  lcrw-volteg« 
batteries  with  high-current  capabilities.  These 
batteries  aloo  find  applications  as  power 
sources  for  flashlights,  boosters,  and  tele¬ 
phone  circuits. 

Primary  batteriea  used  to  supply  screen 
and  plate  currents  for  electron  tubes  axe 
called  “B”  batteries.  They  are  capable  of 
supplying  low  steady  currants  at  rated' vely 
high  voPages.  These  batteries  nlso  find  appli¬ 
cations  as  high-voltage  sources. 

Batteries  supplying  voltage  to  control  grids 
in  electron  tubes  are  knov/n  as  “C”  batteries. 
In  test  sets,  “C"  batteries  are  also  used  to 
eupply  power  for  the  ohmnieter. 

Primary  batteries  are  aleo  used  in  portable 
or  emergency  lighting,  either  as  self-contained 
power  supplies  or  as  standby  power  when  the 
normal  Bujjply  s.<us3.  Although  oome  of  the 
batteries  previously  mentioned  may  be  used 
for  lighting  purposes,  they  are  used  princi¬ 
pally  In  electronic  equipment  because  of  their 
small  size.  Thg  larger  cells  and  batterioB 
ara  used  for  lanterns. 

Other  applications  for  primary  batteries 
are  fooud  as  power  sources  for  mechanical 
devices  6uch  as  step- try- step  motors,  servos, 
and  seloyns.  Normally  theso  uses  are  some¬ 
what  limited  since  batteries  bocomo  cumber¬ 
some  as  the  voltage  and  current  requirements 
Increase.  In  telephone  service,  dry  batteries 
are  used  as  power  supplies  for  talking  and 
ringing  circuits,  operation  of  transmitters  on 
magneto  ersrite  towards.  Intercom  municating 
systems,  and  laterruptera. 

PRIMARY  BATTERY  TYPES 

Batteries  used  in  the  military  services  fall 
into  three  broad  ciasriflcatlons:  (1)  conven¬ 
tional  dry  batteries  which  axe  ready  to  use 
when  purchased,  and  nddc.h  are  employed  in 
great  numbers  in  military  and  civilian  appli¬ 
cations,  (2)  low-temperature  batteries,  and 
(3)  reserve  batteries  which  are  not  ready  to 
use  when  purchased  but  become  bo  when  the 
user  activates  them  in  eocae  way. 


Dry  Cells.  The  common  dry  battery,  typi- 
fled  by  the  No.  6  dry  cell  and  the  radio  “Brt 
battery,  is  the  oldest  type  cow  In  common  vise 
and  is  employed  in  the  greatest  numbers,  itir 
basic  origin  was  the  Lectenche  cell  and  its 
constituents  are  the  familiar  sAec  case  and  it* 
carbon- rod  cathode  surrounded  by  the  elec¬ 
trolyte. 

Other  types  of  primary  cells  employ  mer¬ 
cury,  zinc- silver  chloride,  magnesium-silver 
chloride,  zinc-silver  peroxide,  and  numsrcaa 
other  chemical  combinations. 

Low-temperature  cells  are  physically  simi¬ 
lar  to  and  interchangeable  with  conventional 
cells,  with  the  exception  that  they  have  better 
performance  characteristics  at  low  tempera¬ 
tures.  The  low- temperature  cells  have  elec¬ 
trolytes  composed  of  solutions  of  ammonlusa 
chloride,  lithium  chloride,  or  similar  ade- 
tloixs  that  will  not  freeze  at  temperatures 
above  -40  C. 


GLOSSARY 


Primary  call.  A  coll  that  in  ascurceoi  slvc- 
tricai  cnorgy  irora  a  ebenitcai  rvstcUcc  which 
Is  not  reversible  because  of  the  chemical  cea- 
.htioR  or  physical  stats  cf  tbs  electrodes  after 
discharge.  A  dry  cell  is  a  primary  cell  with  aa 
elcctrolyt#  in  tha  'arm  od  a  pari.®  or  Jelly  con¬ 
fined  to  permit  oas*  cf  IwadHjjj  and  uste  t* 
equipment  or  areas  where  the  escape  of  corro¬ 
sive  cbvoiksis  cannot  be  totarainL 

Siectrolyte.  Tha  solid  pacCc,  or  liquid  used 
between  the  electrodes  in  a  cell  which  provides 
ions  for  transfer  of  charge  at  Mt*  elect  r-cxiss. 

Electromotive  torce.  The  trial  electric  po¬ 
tential  Of  n  cell  duo  lo  its  parts.  Tt  Is  producer? 
chiefly  by  tit*  difference  in  poferilal  between 
the  electrode  material*.  The  tersatnal  voltajv 
depends  on  the  electrode  materia.!,  the  lGlenwtl 
resistance,  and  degree  of  polarixactea. 

Polarisation.  Ilia  change  fa  elect  r-o.T.oti  we 
force  of  a  cell  canned  by  chraicn.1  charcjea  Is 
the  cell  while  current  ifi  OowIbj  throc.gtj  tt. 
Foinrlcitloa  reduce*  tbs  tenwtsai  voltage  of  a 
cell. 

Battery.  A  number  of  cells  .  ottnecied  to- 
jv'ther  to  obtain  the  required  voltage*  or  ra¬ 
pacities  and  packaged  in  a  container.  It  is  cus¬ 
tomary  to  apply  this  term  to  a  ringls  cell  also. 

Capacity.  The  product  of  the  average  correct 
drawn  from  a  celi  or  battery  aid  the  time  during 
which  the  current  is  drawn  before  tha  cell  or 
bait  try  voltage  drops  he-iew  a  aweful  IrevL  B 
Is  usually  expressed  lu  ampcrw-l  a. 


~  Tha  most  commas  raoervs-typ®  or  delajsci 
action  cells  have  the  same  physical  dl  (ses¬ 
sions  sis  convert  ticaal  cells  but  differ  la  tfcs 
electrolyte.  Reserve  cells  are  shipped  aasJ 
stored  la  a  dry  state.  Water  must  be  added 
before  putting  the  cell  into  service-  This  ceil 
finds  application  Tfbere  long  stara;je  cootl- 
tioms  are  anticipated  prior  to  use.  The  bat¬ 
teries  can  be  designed  oo.ttut  the  electrolyte 
"may  bo  admitted  to  the  cells  from  a  separete 
c  tafijer;  or  they  may  have  an  intarnal  con¬ 
tainer  for  electrolyte,  which  is  thou  intro¬ 
duced  by  means  of  compressed  gas.  Norm  ally, 
the  battery  should  be  used  where  it  will  he 
discharged  within  a  reasonable  litas  aftec 
activation. 

Mercury  Cells 

Morcury-typs  diy  'citieri.ee  are  made  up  rJi 
cello  consisting  of  four  basic  component's. 
These  cells,  commonly  referred  to  as  “RM” 
cells,  have  an  anode  cf  high-purity  sine,  a 
positive  electrode  composed  of  mercuric  oxide 
which  also  acts  a  a  a  depolarizer,  and  an  elec¬ 
trolyte  of  either  potassium  or  sodium  hy¬ 
droxide.  In  contrast  to  the  common  dry  coiRc, 
the  ceil  container  iu  a  eie-el  can  that  does  a (A 
take  part  in  the  reaction  proviicug  the  elec¬ 
trical  energy.  The  coestruction  of  mercury 
ceUa  In  ahe  sn  In  Fig,  1-07. 

.-vice  capacity  of  batter*  *>«  <•  strucisd 
of  “RM”  cells  differs  from  tha.  avallabla 
from  ordinary  dry  cells.  On  *  unit  volume 
basl3,  the  mercury  cell  has  several  times 
greater  capacity.  Figure  1-88  compares  tbs 
terminal  voltages  of  aa  "RM”  battery  and  a 
Leclanchs  battery  versus  working  life  hour*. 
The  Voltage  or  current  discharge  of  "WM" 
cells  is  relatively  steady.  Tills  characteristic, 
the  lack  of  requirement  for  rest  peri  oils  dur¬ 
ing  operation,  and  the  lov;  Internal  Impodsmos 
make  these  Colls  well  gulled  for  uso  In  ccua- 
munlcallcms  equipments,  tranclsior  devices, 
and  meteorological  iRStramest*. 

Mercury  batteries  have  good  hlgb-fsmpera- 
ture  characterlfilica  aa  may  be  scon  in  Fig. 
1-89.  The  capacity  of  Ua  mercury  cell  1* 
much  greater  than  a  dry  cell  at  room  tem¬ 
peratures,  but  an  temperatures  decrease  tha 
efficiency  drops,  and  below  20  P  the  dry  cell 
gives  better  performance. 

Zinc-Silver  Chloride  Celle 

Ttvcfte  cells  are  used  in  applications  of  very 
low  current  drain.  They  leave  a  cathode  of 
silver  chloride,  en  anode  of  pure  nine,  and  an 
electrolyte  of  ammonium  chloride  in  the  fora 


Mg.  1  -07.  Const  ruction  of  me  reary  erlle. 

(A)  FI at  type,  pressed  powder  anode  (0) 
Cylindrical  type,  pressed  powder  anode. 

(i>.  R.  Mallory  ax) 

of  a  jelly.  Ttvsy  have  a  high  internal  resist¬ 
ance. 

Magnesium-Silver  Chloride  Water 
Activated  Cells  ~  ~ 

Those  cells  have  a  high  power- to- weight 
ratio  and  are  excellent  for  "one-shot”  appli¬ 
cations  whore  discharge  curves  must  be  rcl- 

S4 


atlvely  flat  throcgiheat  use,  Each  ceil  has  a 
Domisai  voltage  oi  1.5  volt  a.  Like  other  water 
rctivsled  dry  cells,  these  are  shipped  and 
stored  dry. 


Zlng-S.lvev  Pgrosldg  Cells 

Zinc-odlver  peroxide  reserve  primary  bat¬ 
teries  are  of  considerable  interest  for  appli- 

fieient,  remote  activation,  and  long  shelf  life 
are  required.  The  electrolyte  is  potassium 
hydroxide.  It  is  stem!  In  a  separate  com¬ 
partment  or  container  and  Introduced  at  the 
tiaie  ct  putting  the  battery  into  service.  The 
cells  have  nominal  voltage  of  approximately 
1.4  volts.  Batteries  of  this  type  can  produce  a 
considerable  amount  oi  energy  in  a  relatively 
short  dine,  for  example,  30  watt-hours  per 
pound  when  discharged  to  exhaustion  In  15 
minutes.  This  battery  lends  Itself  to  missile 
and  other  applications  where1  it  la  desirable 
to  have  battery  supplies  that  do  not  require 
internal  heating  or  charging  facilities  to  op¬ 
erate. 
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Fig.  1-68.  Eiiect  of  service  Ih'o  on  tormintd 
voltage*  oi  Leclanch-5-tyco  and  mercury  ceil 
baitorls*. 


1.  Component  -  Dry  batteries  are  Identified 
by  the  two- letter  symbol  BA-. 

2,  Type  number  -  The  battery  type  number 
identifies  the  type  of  col!  j  of  which  the  bat¬ 
tery  is  composed. 


SPECIFICATIONS  AND  STANDARDS 

Bloat  dry  batteries  that  are  required  for 
military  use  are  procured  under  military 
specifications  that  normally  contain  Informa¬ 
tion  defining  the  battery  construction  and  Its 
physical  and  electrical  characteristics,  but 
net  it®  electrical  capacity  In  ampere-hours 
or  lta  expected  life.  The  reason  for  this 
omission  la  that  the  battery's  use,  malarial* 
of  construction,  and  size  have  i  great  Influ¬ 
ence  on  Its  capacity. 

Most  battery  specifications  arc  procure¬ 
ment  documents.  Although  design  Information 
may  be  contained  In  than),  it  is  not  of  a  nature 
that  can  or  should  be  used  in  selecting  bat¬ 
teries  for  a  specific  application. 

MIL-B-18B,  Batteries,  Dry 

Military  Spoci  flcatloo  MIL-B-18S  contain* 
boric  descriptions  including  electrical  and 
mechanical  characteristics  of  Leclanchsf,  mer¬ 
cury,  and  low-temperature  typ«  dry  batteries. 
Since  this  specific. atl on  cover*  the  greater 
share  of  dry  cells  aixl  batteries  used  in  mili¬ 
tary  applications,  it  will  be  discussed  In 
detalL 

Batteries  and  ceils  procured  under  this 
specification  are  identified  as  follow®: 

BA-  /U 


Component  Typo  Number 


s.  LscLtnch®  cells  -  Ritterloa  composed  & 
Lcclancnd’-typo  ceils  arc  identified  by  thetyps 
cumbers  from  1  to  999  inclusive.  Forosampia, 
the  basic  type  number  would  consist  of  ca», 
two,  or  three  digits:  BA-2,  BA-23,  and  BA- 
23  0/U  with  certain  exceptions:  BA-252/U, 
BA-2-15/U,  BA-253/U,  and  DA-256/ /OS,  which 
are  procured  according  to  other  spoclflcatioea, 

b.  Mercury  cells  -  Batteris*  composed  d 
mercury  cells  are  Identified  by  the  wdditloa 
of  "lDOO,”  and  a  "/U”  to  the  basic  battery 
typo  number,  if  the  basic  type  number  already 
boars  the  “U"  nomenclature,  u  Is  cot  added 
a  second  time.  For  example,  when  batteries 


DISCHARGE  TEMPERATURE,  DEG  F 

Flj.  1-6®.  CojEparlson  ei  capacity  si  vsrlovs 
ttmprralure*  of  conusoa  i&y  N  cel!  arri  RM-B 
mercury  reylscerrent  reLl  nhen  dlscmirgsd  cw 
a  BA -53  drain. 
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BA-2,  BA-30,  and  BA-210/U  ars  assembled 
with  mnreury  cells,  they  are  identified  a® 
8A-1002/0.  BA- 103-0/11,  and  1210/ U  respec¬ 
tively.  Batteries  having  corresponding  num¬ 
bers  are  physically  identical  whether  tfcay  ars 
ecaistructed  si  Leciancha  or  mercury  cells- 
The  electrical  cttaractojlstics  will  differ 

trical  characteristics. 


MIL- B- 1 3  IjgiaggK  Battery,  Pry, 

(BA-bWO  and  8A-2g43/U) 

ML- B- 1 3 ISSfSi gC)  cavers  single  coil  dT« 
batterise  that  tote  a  cldorldo  sleetsvSfig  mQ 
a  earn  Anal  voltage  ai  1  volt.  'Fray  ar»  Intended 

for  use  as  tte  power  source  for  blasting  _ 

•^lrcBfr~faJvawca9eter«.  UA-aWO  is  used  la 
temperate  and  tropical  acmes;  BA-234S/15  is 
used  le  areils  ks&s®. 


i 
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c.  Cells  deigned  for  low-temperature  op¬ 
eration  are  Ickittlfled  by  an  addition  of  “2000” 
and  a  •’/  ('”  (wises  the  “U  ”  does  sot  eri fst  ns 
part  of  the  basic  number)  to  the  battery  num¬ 
ber.  For  example,  whan  batteries  BA-2,  BA- 
30,  and  BA-402/U  ars  assembled  with  colls 
designed  for  low  temperature  they  are  identi¬ 
fied  »8  BA- 2002/ U,  BA- 3030/1!,  and  BA- 
3403/U. 

BaJtsrU’s  mads  according  to  this  specifica¬ 
tion  cover  a  wide  range  of  collages  and  are 
available  la  a  largo  variety  of  sir.es  and 
shapes  having  various  types  of  lermluAta. 
!':r  detailed  characterifitlcs,  the  reader  is 
referred  to  the  specification  and  Jtii  individ¬ 
ual  spseitte-UUsv  sheets.  To  facilitate  refer- 
ring  to  specification  sheets.  Tables  l  and  11  is 
the  Appendix  list  the  rxriotin  baHjrlsf) accord¬ 
ing  to  ibelr  voltages. 

Mil.  <3 - 2 S35$(ttSAf),  tottery,  Ory, 

Spec  i  al~Purp0.?» 

This  specification  ooyere  a  d.ry  battery 
having:  a  nominal  voltage  of  13.1  volte  and  a 
lap  at  1.34  volts.  T A?  cur'-ent  rsttivvo  are  2t>0 
ma-hour®  aod  3800  ma-bouv»  respectively. 
The  battery  to  wins  leads  and  is  composed 
of  mercury  reili 

MTL-8-lOtMAj  Batteries?,  JPrtir»sryA  Water 
Activated  iDunk  Type) 


MiL-B-nS6Rf.43G?,  Brltorla/,  Hijgi  Capacity, 
Special  S.aglo  Ptaciargs.  Aircraft  IlSi 

This  spscificsllcu  covettt  7.8-  1C?.5- 

volt  special  jasrposs  Isaftsrien  us  1,4  in  s?d&« 
ia  y  aircraft.  Tbsss  batteries  are  lms&Ss4 
for  single  discharge  service  usscMr 
climatic  cduSSicw.  Tito  cells  &r«  perma¬ 
nently  sealed  ess/uil  for  filter  opsfflijsga, 

Sgcciffcatioa  S&T--  8-1517  Sti’se.vyl  This 

ipecilisss&oa ""rovers'  ths  llmTI®,  Sp£«r4.ibv.e 
quality  levels,  sampling  procedures*  and  eval¬ 
uation  of  pst'faraaance  o«  rape  city  teats  for 
J.'avy  dry  «Ss«s,  &>  Navy  procm-emetst  roa- 
tracU,  provislGsss  of  tftlr.  specif)  csilon  nupsr- 
itedo  reqsdrssnessbs  la  MJL-8-I3.  Otfce :  ■.■&&«-- 
sctartsUca  oi  feaiterirs  are  fivs  s-am*  is  in 
MU.-0-1& 

W-B-.tQfc  and  .Dry  Ceil* 

Tills  is  s  Federal  Specification  tor  dry  evils 
and  batteries.  55  inclu-cieg  the  folltrslr^  iyp&s: 
Nc.  si  §<='»? >3 1  purptee  dry  colls.  No.  3  Awi  S 
Iriepft'SA'V  dry  calls,  asoca.-bled  isatteriss  o? 
No.  §  fssssor&i  ptsspcm  cells,  flashlight  ceitt: 
and  batterFsa,  ssd  rsvtio  “B”  and  “C"  bs. 
tcriea. 

Tw<3  other  j?pedal  purpose  bjftarios  a?§ 
covered  by  bStt.-  B- 1 S'O'I '/iSi j/C ) ,  vsst-typo  tiry 
battorieo,  &j«?  H 1 L - S - 7 y ! 5 (As r ) ,  ISit-wil 
AtStobuity  dry  “B”  batt-srirs. 
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This  specific Htiott  covers  primary  Iwtfert&s 
inttMtdcd  for  uj-v1  vrhrre  high  cxp&cify  f.-t: r  unit 
of  'revrivt  ratd  eslrr-ately  !oag  shelf  life  are 
t!w  prime  cOK.yi.dsratioivs.  TH-r.e  batteries  are 
Inert  until  imtne'  ssd  ttt  water  for  activation. 
The  type  dcsdjfoattor.  is  tmenewtei  sijini.tr  to 
thjt  in  Mil,- B- if) IV  ?!  Ifl.  competed  at  BA  to 
i.tdieste  primary  battery,  a  tyjx:  number  (353, 
359,  223,'  3!P.;  to  PxScatc  3  iipcclftc  battery, 
arx.!  an  !cBtaiiaUc,\-s  Indicator  of  one  or  more 
letters  to  show  she  equipment  wlh  which  thy 
fratt-t-rr  is  *#«»«:  1st cd  (AM,  airborne  raescoro- 
Itsgical  eqalptocst;  U,  general  utility  which 
Includes  two  or  more  ;reor cal  installation 
classes  such  a»  auiitirive,  ohu>x>ar»l4  or 
gruund).  An  exatasple  of  a  roavplct#  ce:-'.gtxa- 
lion  Is  BA-259/ AM. 


National  SSejcesn  of  SlAndsrdi'  C.rctslftr  $5§ 

Cct»n<trclAi  dry  ecttn  Jtad  battcrlcc  may"  l\> 
derigtied  to  NVdfwrd  fjureau  of  3fand.).*iJv  Cii- 
•'n!,u'  59?,  viliich  ctwre  genyrs.!  pvirposK?,  !»- 
tkistrlal,  t«flej\bo»s.  fUshiight,  “A," 

“C”  csdio,  xx'.d  A/B  battery  pvc-.sj.  Ttve  phjv- 
icai  charactm&ttc®  and  electrical  t.ewts  »per- 
Hied  p. id-  fLir  u:ilformlty  and  scrcptabls 
quality  of  ths  ?«iterii.'s  m,\nic  f  e.r  com  tile  rotai 
use. 

DRY  '5ATVKRT  OONSTfU?CnCW 

Pry  cells  lutTe  Icair  mayor  coirjj\5b5r:i<5: 
a-.t'Me.  cathcUe.  ricclrolyte,  and  a  depolaris¬ 
ing  cl. 


S8 


anode  or  negative  electrode  is  com¬ 
posed  ol  high-purity  zinc  (over  99.8  percent- 
iWe),  In  cylindrical  cells,  it  serves  as  the 
sell  container  and  is  gen:  -lly  provided  with 
ftojne  type  of  terminal,  dejsmdiag  upon  its  In¬ 
tended  application, 

Tss«  fsufiiy  of  the  rice  Ss  important  since 
small  particles  o£  imparities  such  as  iron, 
-v©gge?r-e8dmitmv'~rititieartm;txjprijriiy^iH23r 
"local  cells ”  on  the  inside  surface  of  the 
zinc  can.  TMs  results  in  the  sine  being  ecsi- 
tinuously  eaten  away  whether  the  cell  is  ia 
use  or  not.  The  small  carrents  eventually 
weaken  the  cell  and  waste  eeH  capacity. 
Figure  1-90  diagramiaatically  illustrates  this 
process.  The  magnified  particle  is  of  iron; 
the  local  current  flow  is  trass  the  zinc  to  the 
iron  to  the  zinc.  This  is  guswrally  referred 
to  ®!’  local  artiem. 

The  cathode  or  positive  electrode  is  a  car- 
ben  rod  made  by  miring  cc fee  or  graphite  with 
pitch  and  heat  treating  the  mixture  to  make 
the  electrode  conductive.  The  re'  some¬ 
what  poroua  to  permit  gas  to  escap.  -And  gen¬ 
erally  has  a  rough  surface  to  make  good  con¬ 
tact  with  the  depolarizer. 

The  depolarizing  agent  to  a  homogeneous 
mixture  of  appioxlmately  00  parts  of  manga¬ 
nese  dioxide  and  10  parte  of  carbon  black 
moistened  with  ammonium  cMor  do,  The  phys¬ 
ical  properties  of  the  mix  vxurjr  with  the  in¬ 
tended  application  and  method  of  manufacture. 

The  electrolyte  is  in  tin  form  of  a  jelly 
cnnsioting  of  ammonium  chloride  and  zinc 
ucially  mixed  with  flour.  Inhibitors  such  as 
chromic  salts  arc  added  to  prevent  corrosion 
of  the  zinc  can. 

Flat-type  cells.  Pig.  %  consist  of  live 
same  four  parts  as  the  cylindrical  cells; 
however,  the  flat  cells  are  in  slab  trim  arrt 
sealed  by  a  plastic  envelops  and  dialing  war 
to  prevent  loss  of  isoiirture. 

Physical  and  Mechanical  Considerations 


Primary  cells  are  available  in  various 
sizes,  weights,  and  siiapss.  Table  1-20  in¬ 
cludes  the  sizes  and  shapes  os  both  dry  colls 
and  mercury  cells.  Batteries  constructed  from 
these  cells  arc  usually  square  or  rectangular. 
For  exact  shapes  and  dimensions,  the  appli¬ 
cable  military  specification  sheet  should  bo 
consulted. 


Fig,  i-90.  illustration  of  local  sciica. 


The  ceil  seal  i  either  a  sealing  wax  or  m 
insulated  metal  enclosure.  It  Is  designed  to 
protect  the  contents  of  the  cell  awl  to  prevest 
loss  of  moisture.  Meet  sealing  waxes  contaH 
rosin  and  some  other  material  to  lend  me¬ 
chanical  strength.  Occasionally,  asphalt  or 
pitch  is  used  in  multicell  batteries,  fsnee 
these  materials  are  soft  they  are  generally 
surrounded  by  a  cardboard  container.  Some¬ 
times  a  metal  seal  is  u*ed  to  form  an  air¬ 
tight  enclosure. 

Terminal* 


Terminal;*  provide  a  positive  means  rtf 
waking  external  electrical  connections  to  the 
battery  and  come  in  many  styles  as  shown  ia 
Fig.  1-92.  In  addition,  many  batteries  bav» 
center  taps  requiring  multiple  terminals  efi 
the  battery. 
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Cylindrical  leeltutche  Celle 


Cell 

designation 

Morainal  dtasaaiona  (fes.) 

Approximate 

weight 

(tw!  • 

Dtejcter 

Length 

Width 

i  ; — 

3 

2-1/2 

3-S/-S 

».)/4 

© 

S-7/S 

A 

— 

2.3 

o.e 

0.4  \ 

■F  ' 

1-1/4 

3-7/16 

— 

™„_7  H 

0.35  { 

"E 

1-1/4 

2-7/S 

“ 

0.28 

0 

1-1/4 

2-1/d 

0.22 

CD 

1 

S-3/X8 

— 

0.20 

C 

15/16 

1-1S/1G 

— 

0.10 

B 

3/4 

a-s/© 

■  aim 

BU 

3/4 

1-1/2 

0.046 

A 

3/8 

1-7/8 

— 

-- 

o.we 

AA 

17/32 

1-7/0 

— 

0.033 

R 

17/32 

1-5/10 

— 

— 

0.023 

P 

17/32 

2 

— 

o.oie  ( 

M 

17/32 

S/4 

— 

0.013 

N 

7/10 

1-1/10 

— 

— 

0.012 

NS 

7/16 

3/4 

— 

— 

0.000 

K 

17/32 

1/2 

— 

0.00s 

Ft -10 

— 

2-3/8 

1-25/32 

6.41 

— 

Ft-@ 

— 

1-11/14 

1-11/10 

0.S2 

Ft-0 

-- 

1-11/16 

1-11/10 

0.28 

PL- 7 

— 

i-45/ei 

1-45/84 

G.22 

— 

FL-0 

— 

1-1/4 

1-1/4 

0.15 

—  i 

FI. -5 

~~ 

1-1/4 

1-1/4 

0.14 

— 

FL-4 

— 

1-1/4 

27/32 

0.2! 

-- 

FI— S 

-- 

1-1/4 

27/S  2 

0.12 

' 

n-s- 

— - 

15/10 

17/32 

0.1! 

Ft-i 

0/16 

9/13 

0.13 

— 

. 

_ _ _ _ s _ _ _ 

Cylindrical  Morcury  Colls 


R-4R 

1.188  j 

0.541 

i 

0.031 

R-SR 

0.073  j 

0.523  : 

—  I  - 

0.053 

R-2R 

0.819  | 

0.610  ) 

-  j 

0.033 

R-1R 

0.605 

0.400 

—  j  ” 

0.018 

1 

i 


1 

f 

i 


Flat- surface  terminals  ars  opacified  on 
same  batteries.  Tho  nogntivo  terminal  in  a 
flat  plate  or  ihs  bottom  of  the  coll  can;  tho 
positive  t  -min'd  is  a  plate  with  a  raised 
center  cylindrical  portion. 

When  flexible  wire  laado  are  used,  they  ars 
color  coded  as  follows:  positive,  red;  no  ga¬ 
ll  ve,  black;  color  of  tapo  2,3  opecificd  on  indi¬ 
vidual  battery  specification  sheet  Unless 
otherwise  specified  tho  wire  loads  arc  go  tv- 
oral  ly  6- 1/2  Inched  in  length.  The  fros  ends 
are  barad  for  1/2  inch  in  length.. 

Some  batteries  aro  designed  with  map-os 
terminals.  Thooe  terminals  aro  made  In  two 
parts:  a  socket  that  Is  tho  negative  terminal 
and  a  etud  for  tho  positive  tormina!.  Oibor 
dry  batteries  aro  designed  with  flat  spring  or 
coll  and  flat  spring  terminals.  Spring-clip 
terminals  aro  made  of  spring  brass  or  phos- 
pivor  bronze.  Tho  clips  will  accommodate  com¬ 


monly  usod  radio  hookup  wire.  Stud  and  tatt 
tormina! a  are  usually  mada  of  brass.  lo  sesae 
case®  the  nut  its  made  of  insulating  raaterisl 
containing  R  braes  Insert.  Socket -type  tenal- 
nals  have  contact  portion®  maco  of  pl>oe$ilK*‘ 
bronze.  Individual  specification  sheets  .nhos&d 
bo  consulted  for  spacing  and  tolerance*  cd 
Rocket  terminal?. 

CELL  CHEMISTRY 

Tho  chemical  reaction  vonsiois  primarily 
ca  oxidation  of  lira  cine  container  and  redac¬ 
tion  of  manganese  dioxide.  An  extensive  dis¬ 
cussion  of  tho  ways  In  which  tMa  transforasa- 
tlen  of  energy  may  take  place  is  given  in  ika 
literature,  (!) 

ELECTRICAL  C  IJULACTERISTfCS 

Tho  electrical  characteristic*  of  dry  hos¬ 
ieries  are  deperxleirt  upoa  tbs  oiatorlala  in  tike 


electrodee,  cell  size,  connected  load,  tem¬ 
perature,  and  other  parameters  which  will  be 
discussed  late?. 

Voltage 

The  cpea  circuit  voltage  of  a  primary  eel! 
depends  upon  the  electrode  materials.  T* " 
common  dry  cell  has  a  nominal  voltage  p.f  l..i 
volts;  mere  ary'  cells,  1.34  volts.  The  nominal 
voltage  does  not  depend  upon  cell  size.  Bat¬ 
teries  BA-33,  BA- 30,  BA-42,  and  BA- 58, 
shown  In  Fig.  1-93,  all  have  a  nominal  voltage 
o£  1.5  volts,  but  their  capacities  are  different 

Tan  working  voltage  of  a  cell  is  lependent 
upon  the  circuit  in  which  the  cell  is  used.  It 
ia  affected  by  the  cell's  internal  resistance 
and  sleo  by  tie  current  drain.  Desired  battery 
voltages  and  current  capacities  are  obtained 
by  connecting  cells  in  aeries,  parallel,  or  a 
combination  of  both. 

Internal  Resistance 


The  internal  resistance  is  dependent  upoa 
the  amount  of  charge  remaining  in  the  unit. 


tbs  testpsrature  at  wiicfc  It  Is  operated,  and 
to  acres  degree1  the  current  drain.  In 
theory,  when  the  internal  resistance  of  a  bat¬ 
tery  la  equal  to  the  load  revietanc®,  the  bat¬ 
tery  vriB  deliver  maxi  mam  power  to  the  lo>nL 
Since  teas  Internal  rssisi^g:  cat  a  battery 
varies  with  service,  the  condition  of  maximum 
power  delivery  to  a  load  la  very  rarely  ea- 
Tbunierea  in  practice. 

Althoagk  the  Internal  resistance  of  a  cell 
iEcreane*  daring  use,  it  ia  not  much  causa 
for  cancers  to  the  design®*'  as  long  as  the 
battery  terminal  voltage  in  higher  than  the 
end  tett  cottage  la  the  ajicticable  apecittca- 
ti  -.c  However,  if  the  life  <sf  the  battery  la 
extended  beyond  the  limit  specified  toy  the  end 
test  voitase,  the  possible  effects  of  this  In¬ 
crease  fa  resistance  fdtmM  be  ecu  aide  red  by 
tfcn 

life 

Tfea  Ulc  of  a  battery  depends  upon  ft* 
ampere-famr  rating,  its  esaeected  load,  and 
it*j  duty  cycle.  The  ampere-hcar  capacities  oil 
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Flo!  suffocs 


{y 9  nn 


Ffoxittfe  feed  Snopoa 


Floi  spring 


— 

0 


Coif 

Spring 


Spring  clip  Stud  &  nut 


Insulated 

nut 


Pin  type 


^A’bottery  type  ^“battery  Sype 


-Siondord  Irae  sockets  • 


Socket  with 
pin  guides 


Recessed 

socks! 


Extended 

socket 


Extended 

socket 


Flush  pin  Jock 


O  . 

►■iFraetw- 

lengih 


Tab- type 


Flpr.  1-9X  TermtiuU  available  tor  tttwt  irlti  83IL  fc*ifew5M.  (From  SiilL  Day 
Battery  Chart  prepared  try  Power  Soares*  Brsarts  It  &  Array  Wye* 
Engineering  Labors  tor  lea,  April,  195C-) 
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Pig.  2-9S.  Four  couaaKa  dry  cell*,  dif¬ 
fering  In  ei it  and  amp*re-Sour  r sting, 
eacJjfeJvicg  nominal  voltage  of  1.5  volte. 


batteries  usually  increase  an  the  physical 
sizes  of  the  batteries  Lncreaae.  Batteries  hav¬ 
ing  different  physical  slues  serf  ampere-hour 
ratings  are  shown  in  Fig.  1-93. 

In  addition  to  varying  with  the  size  of  tha 
cell,  the  ampere-hour  rating  cf  si milar  ceils 
varies  among  manufacturer®  bscauso  of  the 
cMoreot  types  ft?  material#  in  cell  cen- 
etnictiffii:  cither  "synthetic  ore”  or  "natural 
ora.”  Generally,  cells  mada  with  synthetic 
ore  liave  tiigter  arapore-hewr  capacities  than 
those  made  with  natural  ore.  Home  discharge 
earveo  for  sis®  B  cells  of  different  ruasmfac- 
fetrerb  are  shows  la  Fig.  i-54. 

Connected^  Load  or  Current  Drain.  Current 
drain  Isas  a  el gnifi can Fell ect  otTSahery  life. 


(  u 


SERVICE,  HOURS 

FI*.  1-34.  P-lecfcargo  cil»ract*rl*tVc»  th routb 
»  ohrae  for  B  nlsa  comtaos  dry  colls  road* 
by  different  Eosoufsscturers. 


The  aerie#  o i  evirvetj  In  Pig.  1-88  ill&strata 
how  increased  battery  life  may  fee  obtained  bj; 
reducing  tfes  current  drain. 

Stsce  It  1®  evident  that  the  MS®  oS  *  normal 
battery  is  relatively,  short  ai  felgh-ecrresf 
drains,  special  batteries,  such  as  the  sdne- 
sileer-peroaide-type,  are  sissd  la  applications 
4hat-^o<psi«^a-h®«5--4^BtieBwsaxfiscte!ir^7Ti^ 
current  Uiat  can  ba  supplied  by  aay  battery 
will  decline  gradually  because  of  the  aecmau- 
latica  id  wsuef-j  products  within  the  ceils. 

When  a  ecettuepss  Soad  Is  placed  on  a  dry 
battery,  the  depolartssr  does  not  have  a  chance 
to  taction  property.  Hydrogen  accumulates 
rapidly  at  the  electrode,  causing  tt«s  working 
voltage  to  decrease.  H  current  is  withdrawn 
within  battery  capabilities,  waste  products  a£ 
the  chemical  reaction  have  an  opportunity  to 
diffuse  within  the  cell  and  working  voltages 
can  be  amlntsdned.  E  tbo  withdraws!  of  energy 


SERVICE  PERIOD, HOURS 


Fig.  1-S5.  Life  of  a  BA -36  battery  *j  s*2eUo® 
of  cwreot  drain. 


Is  at  a  low  rate,  the  cholf  Ufe  of  the  battery 
eEiere  into  the  overall  life  picture.  la  this 
e*JHj  the  time  retired  to  ashaust  tha  call  is 
so  laog  chat  internal  deterioration.  Inherent  tu 
<i>-y  batteries,  takes  place  resulting  in  a  cor- 
» cascading  roductioo  !n  cell  energy. 

To  avoid  insufficient  or  e>.xeasivo  battery 
capacity,  individual  specification  sheets  sed 
battery  inform  nil  a;  should  bo  followed  when 
specifying  batteries  far  equipment. 

Duty  Cycle.  Operr  f'ng  schedules  are  ac 
Important  conoids  ration  in  battery  11  to  since 
most  batteries  arc  intended  for  intcnulttost 
operation,  figure  1-96  shows  Site  effect  of  tw> 
different  duty  cycles  cr.i  the  life  of  a  BA -SO 
battery.  To  maintain  a  proper  discharge  rata, 


ffefi  electrolyte  in  Bach  cell  mw t  bhi  fees  te 
elrcwlat®  between  the  elecirodeo  in  $w  cel L 
8bi>~e  tha  rate  of  eoomrimpJlon  of  to  sfectro- 
!yte  fia  directly  proporficotii  to  the  discharge 
eiiSTymt,  tJ«2  electrollytc  ia  rapidly  steml  up  at 
sigh  diecharg®  raieu.  However,  M  the  kills  ry 
i'8  w&i  totersnitteintty,  aa  mml  talteslea  sure, 
to  electrolyte  ccmttmiea  to  diffuse  Shraqfr 

operation,  smrl  an  additional!  'diiflctmr^e  a»  to 
esxae  rate  cnm  be  obtained  until  to  toafr-iaad 
voltage  is  reached, 
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Yegiparahirai.  Operating  t&v a 

S  marteJ  effect  c«t  dry  battery  ice., 

This  effect  vaxiea  with  regard  to  ensttovy  type, 
oire.,  and  degree  of  exposure.  CtamgiitonaE 
dry  batteries  aire  not  advorest/  affected  by 
temperatures  from  70  to  IS)  F  i‘f  Use  opgrsi- 
lag  period  at  to  higher  larapeiratBsw  is  uot 
i2jx®3aive .  The  operating  capnfotttties  dfcronee 
aw  tQsrafxsratu.TiD  drops.  Jim  to  oporstSteig,  tent- 
pantwt  sippn y..chm  0  F,  the  capacity  wtli  be 
only  60  to  0.0  percent  of  normal  capacity.  The 
coll®  will  become  practically  InoparatMi  wlvsa 
reaching  -20  II". 

Low«tojn|i8ratur>#  dry  feaiiertite  pr..  r,rt» 
n»ach  morn  aiattefactoriiy  than  ctftrwwitlaatl 
limtiarha-ii  at  lo»  temperature*.  P«w  «ns».  tile, 
rat  lower  operating  temperature®,  tfeo  eajwwdV 
flf  tow-tesaperaiurc  batteries  siw  ilhmmiimn 
bwt  M  in  mu-ch  lower  rate.  At  ~4fl)  F„  tterw 
batteries  provide  10  to  20  poreent  «f  their 
rnnmsfi  capacity.  I,ow-temperattti»  t ntteiiw 
depreciate  much  factor  at  normal  timpnvu- 
i.une-w  anti  should  be  «®o<i  only  tor  tiyip-iesis- 
jm rater®  sipplicatloam, 

A  mercury  battery’®  capacity  nt.  minnat 
ciipesrstttng  temporaturBsi  savd  aboro  is  about 
e*ffradi  to  or  slightly  greator  than  it®  aapacity 
at  7t)  F.  At  temperatures  below  rttraru),,  tft® 
capacity  decreases  with  temperature.  Below 
0  F  very  little  capacity  remain®.  The  varta- 
tieoa  in  terminal  voltage  off  naorcury  cell*  with 
temperature  i»  (shown  la  Fig.  1-87. 

itagne  Eii  u  m-  si  Ivor  chloride  'bcHoritic  ex¬ 
pert!  t>nca  little  effect  an  tlwir  capacities  jsi 
operating  temperature*  ranging  from  -40  te 
1510  F. 

SUne-silver  cWorlda  iMitiertesaroattvsrsely 
affected  by  abnormal  temperature®..  AJxmt 
7G  F  to  batteries  deteriorate;  below  TO  p  the 
capacity  drops  as  tempera  buna  decreases.  At 
-40  F  the  tattery  will  have  practically  go 
capacity. 

tWiera  equipment  is  Intended  primarily  far 
operating  in  cold  c  It  mate  a,  tl>o  designer  touM 


Fig.  I-®A  SSieei  ef  daty  cycle  oe  lae  ctl  a 
8A-SC  battery. 


ccasider  giving  Use  battery  eoina  protection 
frees  the  cold.  Tito  battery  compartment  can 
be  tesolated;  this  will  h  \p  retain  internal 
battory  beat.  The  baity iy  location  can  be  ar» 
saaged  to  take  advantage  of  any  intenial  boat 
generated  by  the  other  components.  Io  canes 
wbars  alternating  current  la  available,  it  may 
bo  iwesed  through  the  battery  io  boat  it. 
Bloddsg  cnpacitore  ai-e  necessary  to  prevent 
discharging  the  battery.  External  heat  should 
be  nssd  with  great  csxe,  iiinco  iaattory  com- 
poaenis  are  easily  damaged  by  overheating. 

Ktersy-Weigbl  Ratio 

Appilcaiioea  emgineei*o  ars  faced  many  time* 
with  to  pocecsity  c&  selecting  a  powes-  ccaice 
vrbjr©  xeeighi  is  c£  prime  imporlmvce.  figure 
i~83  indicates  the  watt-hours  per  pound  avail- 


DISCHARGE,  HOURS 

)Ag.  1-S7.  Terminal  voltage  of  u  mercury  cell 
as  a  oi  tcojperature  and  time  erf  tar- 

l  eai  driia. 
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able  from  various  battery  types.  Primary  **;] 
Gxwnte.ry  tjrpoe  are  considered  to  ibis  prasfii. 
Fuel  ceil*,  briefly  dt#cusssd  to  tbs  ffeciicsi 
"Traode  and  tojvoloisments,’'  are  hj-ciwlsxi 
tor  comparison  purposes  eves  though  practi¬ 
cal  luwi  calls;  are  aet  available. 

BNVIBOMMgNTAi.  EFFECTS 

Batteries,  ilko  all  other  ccsaipceauts,  sur® 
affected  by  environments  in  which  they  oper¬ 
ate,  os-  to  which  they  are  expo-sod.  The  para¬ 
graphs  that  follow  todieete  wte>i  tbo  defdgaer 
may  oxpact  of  battoi-iee  under  dtSerest  m~ 
vlronmental  con  (Utica  3., 


cation  ol  certain  specially  deeigaed  batteries, 
it  is  nocesfary  to  protect  baiteriea  from  l&yge 
daasges  to  pressure  toy  sailing  to  sms.  A  d«f 
grsaea  of  pressure  may  csksso  toft  toss  of 
etocteslytff  sbk!  limit  rairresst  $nc$'/fi>!th}:g  afoU» 
Sties.  Mercwry  cell®  are  geaerally  ©aclases 
to  steel  costatosrs  mskiitg  the  Bit-  resistant  to 
■ieesasased— psw®ssse®r-MasF--  Sfleteelsfr— ; a ,afr 
ssercary  cells  are  vested  to  pgrmlt  the  escape 
cS  jaswa  that  develop  from  cteaiiesi  resell  cats. 
TMs  will  permit  the  thff-iisiwi  find  esefips  dl 
electrolyte  at  eatrasio  altitude#., 

As  reqdnsaieato  for  t^pcrailpa  at  high  sM- 
tsafes  iDcre&ee,  batteries  -capwbla  &i  op©  railing 
ot  rcihiced  pressures  should  tee  used,  or  slm 
a  gtresgurtofflsl  contains?  for  the  bate  ary  should 
fee  provided,  to  either  event,  too  pressure 
Eii«.3t  not  he  psrmittcd  to  decrease  to  the  m- 
imi  that  th®  electrolyte  will  boil. 

Mercury  cells  tested  »t  reduced  presott res 
e,pd  valent  to  aMilisdes  greater  then  50  suttee 
shewed  no  .’odocticit  to  open  clmtU  voltage. 
Tfsfi  loss  of  weight  that  occur  red  -when  mar- 
fxuj  cell*  were  exposed  to  high  altitudes  is 
Ei;mm  in  Fi ej.  l-gg, 

'll!®  exletoacs  of  flhc4  spot®"  Sb  dry  bat- 
tsrie®  ©hoold  be  avoided,  Uwftlir.ed  boat  will 
cause  melting  of  waxoa,  pitch,  and  tare;  and 
iEcrwaase  the  possibility  of  internal  ebosH  cir¬ 
cuits  devctopSog  or  the  cell  eonlatiwnr  being 
itex'ii'oyod.  la  addition,  at  high  temperatures, 
call  activity  is  greater  asd  deterioration  may 
©ces?  faster. 

Me Sfiteo  and  Fwngos 

TSwea  cosK&tious  ar®  daetructiTO  to  dry 
batteries.  Normally,  batteries  are  isMppndand 
stored  in  packages  designed  to  protect  the 
battery  frets  tha.se  dastrueiiva  element®,  end 
the  main  problem  lb©  design©  r  will  h&va  to 


Tempo  ratur© 


Rapidly  •'  bans! n 3;  tonnoratures  do  not  af¬ 
fect  dry  cells  unices  the  changa  is  great  and 
the  length  os'  exposure  la  Icing..  Th?  iisioraal 
temporaturo  of  ceils  lags  behind  eaderesS 
temperature  change®,  particularly  if  th©  cells 
are  la  equipment,  Temperature  changoe  that 
cause  internal  tornpsratures  to  fluctuate  wlij 
cause  changes  in  tbs  electrical  characteristic® 
sis  noted  uader  Life. 


Pressure 
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Dry  batteries  are  designed  to  ope  rail  00  *3 
Bonnal  atmosptxs.ric  pressure®.  With  the  ex¬ 


gig.  i-Sfl.  Vfeigt-.t  loss  of  mareury  cells  wb®s 
exposed  to  »  prosssara  oquivafawt  to  an  alilteiia 
vd  54  mil»a 


„V,' 


cos  tea  <5  'E'54%  is  in  actesl  bs®,  SSues  batteries 
cgataia  naaoy  materials  tea?.  a#»  fusion*  nu¬ 
trients  aisd  vjtil  not  MtheteM  moisture,  they 
ased  protection  la  appMeasaosss  wtera  than® 
os asdJ.tlms  exist.  This  eaa  as  dee®  by  break- 
msat  •with  a  vms  impregnated  wit&  a  ftagtcide. 
So  cages  where  severe  ees&iSiiioas  sire  sniidi- 
jpaSji4.,-  baU»r4e»-^coftslsMsi«4^54^-^toid-«ii^ 
®SvmiM  fee  specified.  Batteries  are  noxiually 
given  ».  sss&taeraloa  test  to  fse&s-risi.Ts?.  JS  tfe®' 
case  will  fell,  apart.  Tigs  ctsould  5a  m  way 
imply  use  It!  t««c&  fioadite&s®,  M  it  i®  iiecec- 
ss.ry  to  sto  s  battery  la  aa  asfeiNKdar  agg&» 
eatloc  U  crust  be  enclosed  Is  a  aieiaE  «sb» 
tataer  sad  tave  its  terrain.  " .,  protected. 


Nuclear  Rasfiaitea 


Gsaeraliy,  it  csa  be  stated  that  gesso  de- 
teri,or?, "  on  will  bo  experienced  by  dry  ««lis 
when  exposed  to  nuclear  mliaSicvij  foot  iz 
moihi  Cass®  this  would  only  shorten  cell  life. 
The  tsmintd  voltsga  of  tee  BA-31)  i^.S-yo U 
fell)  was  found  to  decrease  apprecdmatGly  § 
percent  sites*  exposure  in  a  reactor  to  au 
integrated  dosage  of  4  times  US**  Roontg-jsM}/ 
•ercys* c.  Tns  internal  resistesee  doubled. 


Vibration,  aod  Shock 

Whoa  c«Sle  are  exposed  to  tee*?  cendUtono, 
tfeedr  s-eals  may  be  damaged  and  internal  cell 
connection*  opened.  Battery  manufacturers,^ 
tss-9  of  potting  compound®,  make  batteries  test 
meet  aback  and  vibratioa  royal  rem-cnl#  5a 
military  epeciilcatlot!*.  XuditridBal  spsciSca- 
tiessB  and  specification  shoots  should  be  eoa- 
sRilicd  to  $eiermlne  teeso  .rotjuisrosserrf.o.  The 
effect  of  vibration  on  the  outpost,  voltag®  ts8t » 
mercury  call  I*  ohm  tii  Fig.  S-MML, 


aiNTa  FOx.  Raamm 

To  achScrrs  maximum  rail  Ability  conslrtettt 
With  the  equipment  require  niseis,,  battery  ca¬ 
pacity  should  ba  an  large  as  th#  ©qulprr.fflwt 
requires  artd  as  might  and  space  will  pastcSk. 
K  is  better  to  selsct  batteries  with  colls  c<sa~ 
secied  in  series- parallel  rather  than,  these 
with  colls  all  In  ceric*.  S  l®  wise  to  select 
the  <  ‘  *  -  deof  battery  available  rlace  roilabfl- 
tty  S'-  <*  f  mpfietty  go  together.  Sh  ca.mii  urhes© 
aafre-  .  rail  ability  la  rozpdml,  If  may  b® 
advbsbio  to  consider  a  socoodAry  battery 
ginciK  this  will  permit  a.  cartels  amorra?.  ef 
tastlcg.  The  battery  can  bo  dSschswngad  as»7 
charged  giving  m  Indication  ci  ffes  eayectod 

porfo.rniiOsc*. 


rig.  1-100.  Effect  of  vibration  (G  to  2000  cps) 
oo  th*  output  voltage  of  a  inarcury  cell  under 
load. 


TRENDS  AND  DEVS I*0PMBNY1) 

“Atomic”  Battorloe.  Nuclear  or  .radioactive 
Jisliories  received  considerable  attention njitea 
first  announced.  Tnoca  batterlos  convert  nu¬ 
clear  energy  directly  into  electrical  energy. 
Bocajee  of  thalr  small  powsr  output,  that)® 
fioUa  are  limited  to  applicatlong  In  the  micro- 
Witt  range.  Immediate  application®  appear 
sassi  promising  in  standard-call  circuits  as 
rsiamsce  voltages  and  as  voltsige  sources  >Toi‘ 
jr.xh  device*  a*  Geiger  counters  and  dosizn- 
isters. 

7vsl  Galls.  Tfecsa  arc  now  types  of  volt»f;o- 
^joeriiffng  clvjmlcal  device  a  in  which  there  is 
a  continuous  feed  of  “fuel”  (thn  electrolyte) 
i»  i.ho  battery,  usually  In  ths  iorm  of  a  py-e. 

reported  early  in  ths  i£ih  century 
by  Dsvy  and  Grove,  thacs  devices  hava,  vrtth 
Imi  oxcsptlcns,  bren  produced  only  on  »  lab¬ 
oratory  basis.  Colls  produced  In  England  bavs 
fv/4  five  red  as  high  aa  300  amp  par  eq  ft  at  0.7© 
ikiIA,  FmsI  cells  have  the  '•^vantage  of  Mgh 
oftlcisnclet;,  40  percent  ano  above.  Efficien¬ 
cy  s«  fi.s  high  as  60  to  65  percent  lave  baea 
achieved  by  raising  operating  temperatures  to 
it£K)  C  and  pressures  to  600  pel. 

Fteol  colls  vary  In  construction.  A  typical 
one  lias  two  porous  nickel  electrodes  in  which 
pot fifl slum  hydroxide  la  circulated.  Th#  react¬ 
ing  gaBsos,  hydrogen  and  oxygen,  are  fad  to 
the  cell  from  opposite  skies. 

Present  work  indicates  that  s  ps-actical  fuel 
cc.il  will  bo  devoloped.  It  offers  promise  in 
military  power  cupplles  such  as  guided  mls- 
*dle  systems,  beacon  power  supplies,  and 
isscblle  !»teer  pianlo. 


Othor  Chemical  Batteries.  Solid  electrolyte 
batteries,  with  the  electrochemical  sy stem  la 
a  solid  form,  are  produced  by  several  manu¬ 
facturers.  These  battarisc  feature  high  volh- 
age,  email  sise,  loeg  shelf  life,  and  shock  and 
vibration  resistance.  Due  of  the  limitations  of 
tills  type  cell  is  the  relatively  low  current 
capabilities.  The  normal  current  drains  are 
in  the  microampere  racge.  The  characteric- 
tics  of  this  cell  make  it  desirable  in  applica¬ 
tions  where  high  voltages  are  required  wtth  no 
appreciable  current  drain.. 

Magnesium  dry  batteries  have  boon  receiv¬ 
ing  attention  from  designers.  The  BA-270/U 
is  being  fabricated  from  magnesium  ceils. 

Research  and  development  into  new  forms 
of  batteries  is  taking  place  In  many  directions, 
and  it  is  highly  probable  that  totally  new  volt¬ 
age  sources  will  became  available.  The  im¬ 
provement  in  the  characteristics  o l  the  c«3- 
moa  dry  cell  ovo"  the  past  years  has  been 
very  great  and  gives  an  indication  of  the 
effectiveness  of  past  research.  An  excellent 
summary  of  the  trends  will  be  found  in  the 
reference  to  Hamer.  (5$ 

SolarjRattorlos.  Consider  able  offortiebeing 
made  to  develop  solar1  batteries  into  useful. 


sources  of  power.  In  effect  they  are  reserve 
batteries  because  they  cease  to  provide  powar 
in  the  absence  of  light. 

-Bell  Telephone  Laboratories  have  developed 
»  semiconductor  eolar  battery  which,  has  an 
open- circuit  terminal  voltage  of  0.6  volt  In 
full  sunlight  and  a  voltage  of  Q.^ITvotnJiKter 
a  load  cf  40  ma  per  oq  cm  of  area.  It  give* 
about  50  watts  per  eq  yd  of  electrode  surface 
at  an  efficiency  of  about  6  percent. 

A  cadmium  sulfide  solar  battery  hao  been 
developed  at  Wright  Air  Development  Center 
which  has  an  open-circuit  voltage  of  0.45  volt 
per  cell,  a  short-circuit  current  of  15  ma  par 
gq  cm  and  an  efficiency  of  about  5  percent. 

Tho  future  possibilities  of  these  eolar  bat¬ 
teries  is  still  not  too  clear. 
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Fusee  and  circuit  breaker*  are  circuit  pro¬ 
tecting  devices.  Their  primary  purpose  ia  to 
disconnect  individual  circuits,  components,  or 
cr Lament  from  a  power  source  when  a  po¬ 
tentially  damaging  fault  occurs  its  Ifce  unit. 
Till®  fault  may  bo  either  a  moderate  overload 
or  a  abort  circuit  which,  because  cl  the  ligat¬ 
ing  effect  of  an  electric  current,  can  create  a 
fire  hazard  ia  the  wiring  oysters  or  damage 
cquipmssjt. 

The  operation  of  fusee  and  circuit  breakers 
Se  based  upon  a  time  element  principle;  tfa.-.f 
Is,  oq  a  ehort  circuit  thoy  operate  practically 
instarsiaasoutiy,  but  on  overloads  their  opera¬ 
tion  ha*  a  definite  time  lag  that  varies  in¬ 
versely  with  the  overload.  The  general  shape 
of  this  characteristic  i*  shown  in  Fig.  2-1. 
Specific  characterigiica  are  dm  later  In 
the  chapter, 

PKFifljnOfsS 


CIRCUIT  INTKRRUPTiON 

Tlve  prociple  of  current  Interruption  in  2 
d-c  ctrcuU  varies  from  the  principle  in  to 


Fuss.  A  h’jjs  !a  a  proiechvs  device  ceetali:- 
ing  an  siement  tha!  molts  or  breaks  vjh®a  the 
eurreri  through  it  exc**!*  a  speciiiad  value  tear 
a  given  tirr*. 

Uroltor.  A  limiter  Is  an  aircraft  fuse  vtth  s 
high  melting  point.  It  h2s  charscisristice 
adapted  to  pretectiisjj  r.  system,  by  pawning 
rapidly  ekJj r  heavy  fsiUt  currents.  Toe  high 
meiiiag  point,  980  C  in  30 me  types,  greatly  r*- 
riu.crs  the  affact  of  a  mid  cot  tcraporaicrc. 

Circuit  Breaker.  A  circuit  breaker  is  aa 
oioctromagneile  or  thermal  dories  that  auto¬ 
matically  opens  sn  electric  circuit  la  a  jivua 
£lm«  when  the  curroi,.  in  the  circuit  reaches  % 
predetermined  value. 


a-c  circuit.  In  direct  curraat  there  is  no  cur¬ 
rent  aero;  therefore,  to  ojtsa  a  d-c  circuit 
automatically,  as  a  faa©  or  a  circuit  breaker 
operates,  the  current  mist  be  forced  to  ecra 
by  come  speans.  There  are  two  major  ways  ci 
doing  this:  (1)  either  by  iacreaoing  tha  arc 
resistance  antil  tiio  voltage  drop  across  the 
ore  equal  1  tha  circuit  voltage  or  (2)  by  de¬ 
creasing  the  temperature  oi  the  arc  and 
thereby  decreasing  the  ionisation  In  the  are. 


Arc  resistance  is  incraasod  cither  by 
lengthening  tho  path  oi  tho  arc  or  by  CON¬ 


CURRENT,  PERCENT  OF  RATED  LOAD 


Fig.  2-1.  Ba*ic  crcrrvsi-tizke-tD-hfeMr 
characteristic. 
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*tricting  tha  diameter  of  the  arc.  It  may  also 
ba  accomplished  by  a  combination  of  the  two. 

&  the  method  of  circuit  interruption  that 
uses  principle  of  arc  temperature  reduc¬ 
tion,  a  fUMble  element,  usually  silver,  sur- 
— f=waded4?p-a-flll^r4KmaUy>gUi^  »nningCfl 

in  the  protective  tubing  of  a  cartridge  fuse. 
When  the  relation  between  cur  and  time 
is  such  ao  to  melt  the  fusible  element,  an  arc 
is  formed.  The  heat  from  the  arc  vitrifies  the 
filler.  Because  the  filler  removes  heat  from 
the  arc  more  rapidly  than  it  is  being  gener¬ 
ated,  ionisation  is  reduced  and  the  current 
falls  to  aero.  When  the  principle  of  a?'  tem¬ 
perature  reduction  le  applied  to  circuit 
breakers,  a  cold  blast  of  air  ie  tho  tempera- 
tare  reducing  medium. 

On  th©  other  hand,  the  current  in  an  a-c 
circuit  periodically  passes  through  zero.  It 
is  only  necessary,  therefore,  to  prevent 
reignition  of  the  arc  after  one  of  these  zero 
points  to  Interrupt  the  circuit.  Because  of 
this,  del oni cation  of  tho  arc  gap  when  the 
current  is  near  zero  to  very  Important.  Toe 
arc  will  txa  extinguished  when  tho  dielectric 
strength  of  the  gap  permanently  excoods  the 
voltage  across  the  gap  that  tends  to  reootab- 
llah  the  flow  of  current  In  the  circuit 

FORKS 

Fuse3  are  tbo  simplest  devices  known  for 
p.  'otectlng  electric  circuits  and  automatically 
ysnlng  a  circuit  when  an  overload  or  a  short 
,'ircuit  occurs.  They  are  mado  in  two  major 
styles:  the  plug  type,  which  is  rated  up  to  SO 
amp  in  circuits  where  the  voltage  does  net 
exceed  125  volts  to  ground;  and  the  cartridge 
type,  which  la  rated  up  to  600  amp  in  circuits 
up  to  600  volte.  Cartridge  fuses  come  in  two 
distinct  shapes — the  ferrule  type,  which  is 
rated  from  0  to  00  amp,  and  tho  knlio-blade 
typa,  which  is  rated  from  61  to  600  amp 
Since  knife-blade  fuses  have  ratings  that  arc 
beyond  the  scope  of  this  chapter,  they  will  not 
be  discussed.  General  views  of  tho  various 
fuses  are  shown  in  Fig.  2-2. 


The  characteristics  of  a  fuse  are  birili-i* 
and  arc  primarily  dependent  upon  the  mate¬ 
rial,  tiro  length  and  shape  of  the  fusibla  ele¬ 
ment,  and  the  arc  quenching  and  arc  sup¬ 
pressing  techniques  incorporated.  To  a  leaser 
degree,  the  characteristics  of  a  fuse  are  do- 
pendent  upon  the  body  and  thermal  design. 
The  ambient  temperatu?e“at  whichTlieluse  is 
used,  aging,  cyclic  fatigue,  and  fuse  current 
rating  in  respect  to  Us  blow  time  current, 
greatly  affect  these  characteristics.  Tinae- 
to-blow  characteristics  of  a  fuse  are  usual sy 
based  on  an  ambient  temperature  of  either  28 
or  25  C. 

Tho  fusible  element  is  made  of  a  lot^- 
melting-point  alloy  or  cl  aluminum.  The  re¬ 
sistance  of  tho  element  when  a  current  is 
flowing  through  it  causes  the  temperature  tfl 
the  element  to  rise.  When  thle  rise  is  higfe 
enough  above  ambient  temperature  to  roach 
the  melting  point  of  the  link,  the  fink  will 
volatilize  and  open  tho  circuit  If  the  resulting 
arc  ie  self-extinguishing. 

Tha  to  on  a  commonly  used  In  olectrcsic 
equipment  and  circuits  are  known  as  normal 
lag,  quick  acting,  and  time  delay.  Those  de¬ 
scriptive  names  indicate  tho  speed  at  which 
the  fuses  interrupt  the  current  in  a  circuit 
Some  representative  values  arc  given  !a 
Table  2-1,  and  physical  rises  and  electrical 
ratings  are  shown  in  Table  2-2. 

Fuse  Characteristics 

Ail  fuses  are  designed  to  carry  ratc-d  load 
indefinitely  and  stated  overloads  for  varying 
periods  of  time,  as  shown  In  Table  2-1.  They 
also  have  a  maximum  voltage  rating.  This  to 
tho  masimum  voltage  at  which  a  toco  can  per¬ 
manently  interrupt  the  current  in  a  circuit 
within  a  predetermined  time. 

Normal- Lag  Fusee.  Normal-lag  cartridga 
fuses  are  composed  of  an  insulating  cylinder 
surrounding  a  fusible  clement  that  ia  con¬ 
nected  to  metal  end  caps  sealing  the  cyliwiar- 
I  useo  that  have  a  high  interrupting  capacity 
have  a  powder  or  sand  filior  in  the  cylinder 
around  tha  fusible  element  to  quench  tha  arc 


(A)  ' 
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Ft*.  2-1  Representative  cartridjii  and  plug  fuses.  (A)  Cartridge  typ« 


»,  (B)  Plug  typ«. 
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Table  2-1 — Blowing  Time  of  Fuse* 


Typ# 

Percent  os  f 

-tin* 

100 

no 

135 

ISO 

£00 

Normal  lay 

„ 

ibs 

0-1  fc? 

o-2  mis 

Quick  acting 

Ilf# 

©-10  seh 

0-S  #ec 

Time  delay 

— 

Ufa 

0-1  hr 

tm — 

6-60  *ec 

Table  2-2 — Physical  Sise#  and  Rating*  o i  Cartridge  Foe«3 


Typ* 

Physical  cia» 

(inches) 

volt# 

amp 

Normal  lag 

1-1/2  x  1  S/3.2 

32,  250 

1-50 

1-1/4  x  1/4 

32,  125,  250 

1/16-20 

Qulcv. .  :ting 

1  x  1/4 

32,  125,  250 

1/500-5 

Time  delay 

1-1/3  x  13/33 

32,  123 

1-SO 

1-1/4  x  1/4 

32,  125 

1/100-6 

L-  _ 

that  occurs  during'  circuit  Interruption.  Aa 
they  ore  used  when  no  special  requirements 
exist,  except  that  equipment  and  componentg 
arc  to  U?  protected  agal.net  overloads, 
normal-lag  fusee  are  ihn  most  widely  used 
fuses  In  electronic  equipment.  Tholr  curront- 
tlmo-to-blov  characteristics  aro  shown  in 
Figs.  2-3  and  2-4. 

Quick-Acting  Fuses.  An  their  name  Im¬ 
plies,  quick-acting  fuses  Jsavo  a  short  of  tlme- 
to-blow  than  normal-lag  fuses  for  the  same 
overload.  They  are  used  whore  the  normal- 
lag  characteristics  wotild  not  give  adequate 
protection  to  euch  items  aa  instruments  and 
dollcsto  equipment  that  do  not  have  any  over¬ 
load  capacity. 


TIME,  SECONDS 


Fig.  2-3.  Oirrmt-Urae-to-hkn* ch3i-*ctcrl*tlc* 
a !  normal-lag  fuse*  (31  wait*  rated). 


Fig.  2-4.  Currcnt-tlm*-to-biowchsr*ct»ristiea 
of  nomial-las  iu*cs  (2bC  volt*  rated). 

When  qulck-ccting  fuses  are  us-od  In  meas¬ 
uring  circuits,  their  resistance  should  b* 
taken  into  account.  A3  Indicated  In  Table  2-4, 
the  resistance  values  of  those  fuses  vary  over 
a  wide  range.  Ilia  valuer!  listed  In  the  table 
should  bs  used  aa  guides  only,  sine#  tha  re¬ 
sistance  of  any  fuse  will  differ  from  the  tabu¬ 
lar  values  because  of  normal  commercial 
tolerances,  the  degree  of  loading  of  tf>?  fu#e, 
and  variation#  between  manufacturers. 

Time-Delay  Fuses.  Time- delay  fuss#  are 
used  to  prot-ct  equipment  that  takes  a  high 
initial  current  that  Later  drops  off  to  tb# 
operating  current.  Examples  of  thi#  are  tbs 
high  luru.h  c"’  c.nt  can  pared  to  the  rum  ling 
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Tnij.a  2-3—  Re*ist»BC*  os  Quick  Actio*  things1 


Ampere  I  Fcsistsncs 

rating 


1/S2 

24  i 

83 

1/16 

O.S 

10.0 

i/e 

i.6 

3.1 

1/4 

2.9 

9.6 

3/3 

i.f 

10.5 

1/2 

y.Q 

4.3 

3/4 

0,18 

4.7 

l 

0.35 

O.Tj 

1-1/2 

0.10 

0.33 

3 

0.07 

0.21 

<’6>®piic<S  by  Bussmann  Manufacturing  Company. 
Co-Id  rcsi'stajvcu  obtained  on  Wheatstone  brieve;  tei 
rcsfatoce  obtained  ai  ICO  percent  load 


current  of  an  electric  motor,  or  the  initial 
surge  current  of  *  capacitor  when  voltage  is 
find  applied.  Tha  physical  sizes  and  ratings 
of  those  fuses  are  shown  in  Table  2-5, 

The  construction  of  u  tims-dniay  fuse  !s 
different  from  that  of  either  ?.  normal-lag  o? 
a  quid-acting  rune.  Normal-lag  and  quick- 
acting  fuses  have  simple  elements  shat  melt 
oa  overloads,  but  the  time-delay  suso  has  a 
compound  element  composed  of  a  fusible  link 
and  a  thermal  cutout.  The  fusible  link  oper¬ 
ates  only  on  slvort  circuits  or  very  high  over¬ 
loads,  and  the  thermal  cutout  functions  only 
on  low  or  moderate  overloads.  The  current- 
time-to-blow  characteristics  of  this  class  of 


fuss  are  shows  fa  Fig.  2-§.  A  ct&sap&rig* sa  s4 
rotative  times  to  blow,  gb:y«r,  la  tMo  Bgs&e 
with  the  ta»*s  shown  ia  Fig.  S-3,  tefileste# 
tbs  delay  in  fu®§  blousing  ilato  that  cm  fe®  ob¬ 
tained  by  the  of  tirsr-delay  fiasaa  ®fea 
tho  occasion  refute®. 


Aircraft  Fuses  (limiters).  The  ftssiMs  e&s- 


ment  in  this  type  of  race 


'point  compared  vrilfc  orrlinnfy  lu»a  eleansas. 
These  limiters  ar®  tses-d  to  aircraft  alecMe 
systemo  up  to  120  volta  dc,  or  129  wits  la 
ground,  400  cycles  ac.  They  b&vs  spscisl 
knife- blade  costae,  ta  to  prevent  tha  vim  z£ 
ordinary  fuses  ia  thsir  fdp.ee.  One  type  el 
limiter  is  shown  in  Fig.  1-#,  specltlcaiicsss  s2 
three  limiters  are  ehowa  ia  Table  S-4,  asd 
represents  tivs  current- time- to-blotv  cfcArac- 
teriatlco  are  shown  lu  Fig,  2-?.  Thssc  iis> 
iters,  rated  at  from  I  to  10-5  amp,  can  pretesl 
circuits  In  widch  the  eisort-cirroit  eersmA 
may  roach  values  as  high  as  4000  firnp. 


Vibration-Rezdstast  Fagga,  Ordiasry  car¬ 
tridge  fuses  generally  have  s  doll  cate 
element  that  may  be  damaged  whan  sdbOscfnd 
to  vibration.  Fuses  with  specially  dc^'pn-j 
elements  should  hi  omd  when  they  ^SJI  he 
capered  to  vi  brail  os. 

One  typo  of  fuse  ha*  a  spring- ICra  fc-staa- 
ticii  at  one  end  of  the  ohnient  having  vrioy- 
liko  extensions  that  ara  belated  00  fk-jseca 
and  come  in  contact  with  the  gins*  wall  of-the 
tube  to  decreass  vibration  of  tha  ©io-aswL 
Tid 3  iyps  has  s;ormal-lag  character!  rile*. 
Another  type,  with  time- delay  chnractoiie- 
tlce,  has  a  dLffoiTJif  coastructloa.  Tl  bis  a 
compound  element  composed  of  a  eprlagswS 
a  link  On  mod o.raie  overloads,  when  the  fcsiss- 


Tsbis  2-4 — SpvcUlcalioo*  for  T&roa  Type*  of  Alrcr*11  Fu*e,-  (Usaltir#)0 
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Fig.  2-5.  Cwrr-ent-tirae-ln-blowebarsctariistlc# 
oi  time-delay  fuses, 


pornlure  ol  tire  compound  slomeet  mscfeea  ffc/» 
melting  point  of  tbs  alloy,  ihs  oprlsg  jsii/s 
away  from  the  lick.  On  alsort  circuits  tint  Ha& 
blows.  The  consirv.  tics  of  these  tw  iyp&s  o& 
fuses  Is  shown  In  Fig.  2-8  and  their  eurreat- 
time-io-blow  characteristics  are  nfecwra  In 
Figs.  2-9  and  2-10. 

Indicating  Fug.-#.  Tte  fnoes  dl@cve.wd  «*»» 
far  nil  Tos3  glass  cylinders  enclosing  the  tel- 
bin  element.  When  the  fygr  in  blasm,  tha  ssoS- 
ten  element  is  cisa.ru*  visible.  Other  iar.stk. 
haring  the  earns  physical  -Si i  o  s  and  electrical 
ratings  an  ite  glass -eodoaed,  we  r/r/wte  v/Hh 
oisaifiss  tubas.  Wlten  tWs  type  ?.f  5uee  i*  b!  c  «)„ 
there  la  no  viable  evidence  of  it;  a  ad  avi 
electrical  tel  in  msCms&xj  to  delect  a  blears 
fas*  tn  equipment.  Soxws  of  these  opaque 
fuse#,  therefor*,  have  so  indicating  pin  the 
extends  from  t*vs  sod  of  the  fosa  when  tha 
suss  is  blown.  Other  methods  oi  istficarts-g 


BjSomj  ine-t-o,  tvte  iia  fuse  elesees^  is  oat 
•vlraMe,  are  dloenassci  uasJsr  Faso  Messst®, 

iiT/®;-  Motinlft . 

tosses  are  £-  .arafly  e ensealed  late  dratta 
fop  fsse  holds  ra  wfdch  ®akd  St  sags  to  r®jpltec© 
si  fcloao  tee  by  a  sjaw  esio.  ‘Two  maita  types 
rasa  boldem  for  cartridge  fuses  are  tire 
bractcrp0sfr=t5>prt^ 

Sbdractor  ffloat-iypa  Holders.  T'lsla  type  of 
bstidar  ia  m  mini  ct!  in  thoTrani  oi  a  panel  and 
is  widely  uecd  to  hold  1-  fey  1/4-iaelit,  1-I/4- 
by  1/4-Inch,  n&d  1-1/2-  by  ii/SS-toefe  fuses, 
®  few  a  colled  sprln®  that  erestaa  positive 
casSact  pressure  ca  the  ends  of  a  fuse  when 
tte»  cap  is  In  place.  Ths  cap  Is  eitfcar  foaycost 
type  or  iicrevj  Kypn  sad  iiytuiy  g rips  tfo®  tea, 
jnfiiag  ii  from  t'bo  bolder  wtaa  I’/o  cap  5* 
nsamiA  Screw  ra.oa  may  to  either  tanrJed 
or  toted  cad  are  Honored  by  finger  pmamro. 
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3;^.  3-7.  CV-fTO»/t-!P/."-t-to-Wtovf 

«1  ai.vr  rail  fi»M>  Qlaitor),  Tyya  Tslrift  S-ti. 


Bias*?  poat  foai&rre  hnve  'tor*.;  jyia^e  rf  phn- 
m/hat,  b«?  btx.&vm  rs!  t.tolr  Jos?  arc  rsiuinZ 
ne-ce  is?  has  b&sa  towardv.  'xlyhar  uJ'fi- 

reoftrtfiRt  ixinitriitiik  ptch  a.®  aunimnlis^ 
%£k«,  find  //Irsa-X'-'jorffltJ  »uV;?<-  B:h;(  htoWtn 
iany  to  Mther  opa^ws  w  ivttft.jpo.iwA.  Tte 
apa^wB  trr/7  dCAC/  not  «.tv«  //ay  !a^.U:ftlcw  «*?  a 
b>'j‘,?-v3  fc/'fi,  Ibrratev),  wlvts  ,*iv>  circuit  dt/.r.n 
s-.-et  /.«/•*  ra?i\  /;  test  t’j  fecyrl.’.'ed  to  dxtatvtli&ti 
wfertfeos  the  te»  Sr;  V>Orr.s.  Tfio  t«i»v/p«<wii 
typEB  to*,  6  ft  b@jjft.-i*  huKcatlu®  Uas/jt  #)lS»r 
n/».e<  <-vr  f&CAA*fs!sc?:rf,  tfcaS  ow  be  waa 
thneKgk  a#  cup,  :»i.i  ii^Jae  sp  tv%ss  if??  ?«;.w  (c 
towa.  Other  ;yT.\'«  b»v»  -.  ifnxi&puntfl  esp 
thrwf.h  which  tEr  /ndlcaV!)'.^:  pfc®  c«  this  ;cci  -.>1 
a  bUrac  fuss  is  vi  vihi*. 


Fl£.  2-9.  /.  rcraft  fues  (ii.mtVr).  fBc-i rtfy 
ttojlKfprlng  Co.,  iitc.) 


Scfek-rn  thsd  rtupdro  s  gcrawdrsver  tor  re  - 
crj^al  ctf  the  tiiarri  tew  ar*  f'Mxjrsily 
r»cams>Gndsd  fer  AH  Force  &pJj»».ehL 


Fig,  £-8.  CoastrueHca  of  to  bratton- resis¬ 
ted  fo isnea.  (A)  Ifcrsaal  leg.  (B)  Time  de¬ 
lay.  fiLaieiinso  Inc.) 

Fags  Blocks.  These*  holders  are  made  of  aa 
SnisiSaHng  base  oa  which  sure  mounted  toe 
clips.  They  are  mad®  in  single,  double,  aad 
three-pole  forms;  and  if  desired,  can  be  made 
in  the  form  of  panel  boards  having  as  many 
fuss  clips  as  required.  Some  fuse  blocks  hav° 
insulating  terriers  between  the  clips  to  pra¬ 
wn!  fflasisover  from  oh®  circuit  to  another. 

Fuse  Ctog.  Fuse  clips  are  generally  made 
of  ’spring  foroasa  or  beryllium  copper.  Both  c £ 
tfeees  materials  have  Mgh  electrical  conduc¬ 
tivity  and  good  aprili?  -like  properties  that  are 
necessary  to  .make  s.  dm  contact  between  the 
fuse  terminals  and  tho  fuse  holder.  They  are 
made  with  or  without  and  stops.  Some  repra- 
centatlve  typos  of  tos  holders  are  shown  Se 
Fig.  2-1L 


Military  Etoe  and  FUsa-hoIder 


'Vjciflcatloas 
— ...  — 


and  the  fuss  holders  associated  with 
them,  in  eoauuon  with  ether  eomponems  nos’d 
fo-'  military  ■  opposes,  have  a  soring  of  epce- 
iixcations  a  cover  their  uses  and  require- 
menia.  Some  of  these  specifications  have  a 
falsie  cectioa  that  specifies  material*  of 


TiiilE,  SECONDS 

Fig.  3-  0.  Cm'rci:t-tin!s-io-blowctiaraft@rJ*tii:a 
of  vUnsllois-resIfltsuS  aoimal-lag  fuses. 


3  fusss  as f»  aade  anS  the 
md  requirement  that  fuses  mat 
nasci.  fippended  to  these  specifications  am 
detrilei  opscificaiioa  sheets  that  slam  dlsaea- 
stars  osi  details  at  <he  Susea  cevered  bp 
theca  Qpsreifleailcas.  Ca  tfea  other  liaad,  taew 
are  other  apecifSeatloas  that  a*®  HarHett  to 
only'  «S3  type '  and  else  c3  fuse,  Sojamarie® 
of  fee  major  fuse  tonifications  follow.. _ __ _ 


5S60C,  Fo-vcs:  jngtrgmgHE  Power, 
a^SSigh^5TTi5alF'tg«rj5a5c'  military  toa 
ft  is  a  general  gpcclBcstlco, 
some  eonatroctioiii  detail®,  spcciSyteg 
the  grades  of  materials  to  bo  used  a wS  fast 
raplstoaoni*.  Specific  construction  detail  e£ 
©aefe  type  of  fuse  are  given  in  *mlii  ufy  Stand- 
ant  Steeds  that  are  appended  to  the  -pecJitoa- 
'doa.  Fuses  made  according  to  iMa  specifica¬ 
tion  S»u©  to  meet  requiremento  for  electrical 
eoutSarityp  current  carrying  capacity,  over- 
£«mS  blowing,  tormina!  etrength,  a-*!  short 
.  eiredt  tecta. 

8s  lido  speciflcadOB,  fusee  are  ^-fljaastaS 
is  tfea  fallowing  form; 


P6S 


sole 


T  t  ~r  T 

!  I. .  _ I _  „ _ 1 _ _ _ 

Stylo  Voltage  O.  real  CfcararierisJle 
ratbag  ratisg 

fgyie  Ss  designated  by  tte?  letter  "P”  So8- 
ioiSTfey  a  two-dltfii  number  tonctiwg  a  toe 
f>2  give®  csngtrueliOM  and  diiaenatona, 

TcSta^a  rating  I®  the  maxim  tun  KoaslnaS  d-c 
or  a~e  ran  voltage  tor  which  tiio  fuse?  J@ 
ttosigecd.  M  is  identified  by  cats  lottos  In  as¬ 
cendance  with  Tabic  2-8, 

Canreat  rathe  to  the  nominal  c£ 

current  a  funs  will  carry  Indefinitely  wMhOrd 
blowing.  St  is  identifisd  by  a  coaiiiinatioa  cl  a 
three-digit  nwmbar  and  the  letter  "R”,  wtieJj 
iadicaieo  ilia  decliaai  point,  as  siawu  to 
TabSa  2-6. 

'ths  charactorlatic  is  Identified  toy  one  let¬ 
ter  wMch  indicates  relative  blosvin^  time  ae 
®ho®B  is  Table  2-1. 

B5!L-F-i067,  FV.se,  Tiroe-Pglay,  0.150  Arq- 
por---  Tfeio  apcciilcation  covers  only  one  type 
time-delay  face  consisting  of  a  tubular 
ls.'.ateatod  phenol  ftfcer  body  with  nicbel-plstod 
terasy  femileo  »ad  enclosing  a  time-daisy 
riontssh  Tho  fuse  is  1-1/4  inches  long  by  S/8 
inch  ta  dlaw.oter.  Too  diameter  over  the  tor'- 
ra?';3s  to  0.41)0  to  0.410  inch.  Tho  resletanc®  of 
tos  etem&ni  .to  net  to  exceed  30  ohm  a  'tha 


zm 


y 


n  s-  2-10.  Current-tims-to  -blow  character¬ 
istics  of  vibration-resistant  Ucae-delgy  fuses. 


Fig.  2-11.  UcprcecnlJtlve  tyjw*  of  fuse 
ho  Mart  (A)  Post  hohiart  for  cartrM^s 
fueco.  (B)  Holders  for  aircraft  fuse* 
(limiters). 


Tsfcls  2-5 — VcKEj.j  Rating  of 
Fuses  Made  In  Accordance 
with  im-F-m@0C  of 
15  Aprit  1C5S 


|  %aaS»l 

i 

Voltaga  f 

(gtu)  j 

i  A 

si  B 

c 

}  B 

128  ! 

I  O 

250  | 

1  E 

500  -  } 

3 

1,000 

% 

2, SCO  ! 

M 

5,000 

_  ^ 

10,000  | 

fnsa  is  to  cwry  8.110  Most  intfefinitely,  and  to 
intemips  S  atap  at  00d  rolls  dc.  Xta  daisy 
chaxactevlgiic  ig  0.5  eemid  to  2  seconds  tor 
0.25-anitt  s»d  15  to  40  mcm ids  fee  1-amp 
losding.  The  lues  bag  to  meet  mechanic®5, 
strength  teals  and  l®  to  fee  “go  constructed  sa 
to  give  rsaeomable  assurance  oaf  withstanding 
deterioration  in  storage  for  k  period  Gt  teu 
(Par  IC-2  of  epacMicctiOa) 

MIL-P-SST2B,  Fwso  Enclosed  Link,  Air- 
craftT  'ffiTo  specification covers  slnglo-elo- 
meol  fuesa  raters  from  8  to  100  amp  and 
used  in  115/209  volt,  400  cycle  circuits.  Tho 
fuses  ar®  seH-tesUcoting  and  do  cot  requlr® 
removal  front  the  fuc*  blocks  {or  checking. 
Curraat-tiJMe-to-biow  #ad  ambient-tempora- 
ture  correction  curves  ar@  inc.’cdod  in  the 
epeciiicRticn.  Tbs  IntosTrepiing  capacity  of  tli* 
fusoo  is  4.000  amw  at  ISO  volts  nos  (400- 
cycle)  and  2500  sump  at  208  volte  rms  (400- 
cycle)  with  tho  arcing  time-  limited  to  1/3 
cycle.  Eui'h  fuss  has  to  carry  its  rated  load 
for  1000  Lour*  and  rstnin  Us  operating  char¬ 
acteristics  withoat  mataienatice.  It  shall  also 
bo  capafeis  of  operaiiag  under  the  following 
conditional 

1.  Minimum  ambient  temperature  oi  -65  C, 


Table  2-8 — Current  Raitog  cl  Pages  liad* 
ia  Acccrdfsco  with  6CL-'5'-15160C  ef 
15  April  1653 


tiyusbd 

■ 

Current  rating 
(amp) 

R001  to  ROOS 

ROIO  to  KOS-9 

RIOO  to  R5fc> 

1R00  to  SR<>3 

10f<0  to  88R® 

S00R  to  88SR 

0.001  to  Q.G0S 

0.010  to  0.009 

0.1  CQ  to  0.899 

1.C0  to  9.99 

10.0  to  eo.s 

ICO.  to  988. 
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T*b!a  2-7 — Characteristics  of  Fuse*  Made  3* 
Accordance  with  WL-F-1518CC  of 
15  April  195$ 


Symbol 

Relative  blowing  time 

A 

Normal  (normal  interrupting  capacity) 

... Xima.lag _  - _ 

c 

Normal  (very  high  interrupting  capacity) 

2.  Maximum  ambient  temperature  varying 
uniformly  from  85  C  at  aea  level  to  2  C  at 
28,000  feet  and  remaining  conatcnt  thereafter 
until  50,000  feet. 

3.  An  altitude  rang©  from  sea  level  to 
50,000  1m  L 

4.  Exposure  to  fungi  encountered  in  txqpa- 
cal  and  g-emltrcplcai  climates. 

5.  Exposure  to  salt-laden  atiacapfesra. 


Koolndlcating  type)  and  n  two-digit  nrate 
indicating  the  design,  construction,  susd  pSsys- 
teal  dimensions  of  a  particular  fas©  kolsW 

Enclosure  la  represented  by  a  slngia  Setter 
(either  G,  sealed  to  give  some  degree  d? 
watertightness;  or  U,  unsealed). 

The  so  fuse  holders  cannot  be  made  of  Ham- 
made  or  explosive  material  or  material  that 
can  produce  toxic  or  suffocating  funaao  wham 
the  fuse  holders  are  in  service,  nor  can  their 
current  carrying  parte  be  made  of  any  mate¬ 
rial  containing  more  than  5-porcent  iron.  If 
molded  plastic  material  is  used  in  fabricating 
these  fuse  holders,  it  must  conform  to 
MIL-P-14.  Any  metals  used  in  these  fuss 
holders  must  be  either  corrosion  rest  stent  or 
treated  to  resist  corrosion.  The  use  cl  dis¬ 
similar  metals  in  contact  is  not  permitted 
unless  they  are  protected  against  oles- 
trolyste- 


6.  Relative  humidity  from  t).§  to  100  ptsp- 
eent, 

1,  Exposure  to  airborne  sand  particles  «s»- 
ccuntered  on  deserts. 

8.  Conditions  of  linear  vibration  iectdksA  is 
norms?  continuous  use  in  Aircraft, 

3.  Operative  in  an  exp! oak  vispor  wltfete 
o«  surrounding  equipment. 

These  fugca  are  to  be  used  with  thj  fnau 
holders  described  in  MIL-F-537m 

MI L ~F-19207(Shlps),  Fu s  oho!  do rs,  Rrirac- 
tor  ?oiF^rypo,  Hown  Fuse  Indicating  sad 
Nontnrilcitiing.  epaciflcaiioa  covers  fuse 
hbBcrs 'cTesigned  for  use  with  instrum<Hit  and 
power  fuses  covered  by  MIL-F-1E160.  These 
fuse  holders  may  be  of  tiro  ncs.ii.ndl eating  or 
the  blown  fuse  indicating  typoa,  and  Uioy  here 
provisions  for  panel  mounting. 


Whan  resistors  are  used  in  indicating  4ypa 
fuca  holders,  they  must  b«  In  accordance  with 
MIL-R-11  and  have  values  that  are  specified 
for  oach  fuse  holder,  Indicating-typo  &ss 
holders  must  also  have  knobs  that  &re  niaito 
of  transparent  high-temperature  polystyrene 
In  accordance  with  HH.-P-S41S. 

Fuse  holsters  made  in  accordance  »iih  tSUa 
specification  hove  to  meet  specified  rstjttlv®- 
mentg  for  dielectric  strength,  insulaticss  re¬ 
sistance,  contact  resistance,  current  csvor- 
lo*df  endurance,  temperature  rise,  chore  cir¬ 
cuit  current,  vibration,  shock,  BCcetarsSiOB, 
and  moisture  resistance,  and  they  sn&st  h® 
axptoalon  prod. 

Other  Speclficatioras 

Thare  are  other  epeciflcatio"  -  fori 'fuses 
with  nonmilitary  character!  ...ice  or  jfsquii’©- 
ment*.  They  are; 


Fuse  holders  made  in  accordance  with  tfci* 
specification  are  identified  in  (Iso  i'oliowic^ 
manner: 


FH  L 10  Q 


Style  Character!»t!cn  Enclosure 


where  1 

Stylo  la  composed  of  two  letters,  FH,  laii- 
c ating  fuse  holder 

Characteristics  is  composed  as  s  letter 
(either  L,  blown  fuse  indicating  type;  or  K, 


W-F-T91a  Fuses;  Cartridge,  Inclosed, 

N  on  ros!  c  ly&fcje 

W-f-303.a  'ri'-too;  Cartridge,  Inclosed, 

Renewable  (Fusible  Ltist.s 
Not  Separately  Inclosod), 
****  Renewable  Links  There¬ 
for 

W-F-805  Fuse--  Cartridge,  locking,. 

Renewable  (Fuaibio  Link. 
Separately  Inclosed) 

.  T/-F-831  Funea;  Plug.  Nonronitwcljle 

Jan- 17- 5  131  Fuso-Indlcator-s,  i- map- Type 


CSaeUrT  aSGL&KSEK) 

A  <gfaeui&  tees? tm%  lits®  a  gats,  csa  L'o  tsssfl 
4a  protect  oifiier  eircalte  &s  ®<pip306alb  & 
£sfe5iSi  a,  a  eimiil  te-saker  eaia  alss  to  ss£«s} 
as  a  EGditek.  Ac  a  protective  defies,  a  efeeuK 
forester  afcmsM  b©  ablo  4©  carry  rated  eissTeui 
Ja&sato4s4ji--£!sS-40-4s1p--wlfc--a  definite  41ai3" 
delay  ehameterigiic  when  m  overload  securs., 
’As  a.  switching  device,  it  eho«M  te  aSfle  t© 
mate  and  break  rated  current  without  ©seas- 
sire  arcing  at  tfeo  contact®. 

Titers  arc  toe  basic  types  cl  circuit  tecafo- 
OK5~»>tSs3  sacgseBc  type,  which  depsnfei  spos 
the  ©tectroraagswtie  effect  eS  a  cssre-st  la  n 
coll;  rad  tS-s  tfeorsaai  type,  which  cJsjtendo 
©post  ths  beating  effect  of  current  to  a  fel- 
metallic  olssBcat  The  details  of  oaefe  tofjs  aro 
giwa  fa  tfeo  esetioas  that  fallow, 

BSagsstie  Circuit  Breakers 

TS»  tripping  sacctetosm  c S  a  magnetic  cUf- 
ewit  tee  alter  io  actuated  by  a  solenoid  itet  has 
a  ratable  irea  core  within  a  fes:  mciically 
scaled  tube  oxtesxltog  through  su’d  teiaw  tbs 
ce5L  The  tote  la  completely  ftUed  "toth  a  vis¬ 
cous  liquid  that  controls  ti®  rate  ai  which  tbs 
core  wiii  be  attracted  by  ite  nalsnoM.  TMe 
ccatrols  the  time-delay  eteractorloihe  of  iha 
circuit  breaker  as  esvsriesda. 

Wm  aa  overload  ocear@„  tbo  «aovalfle 
cor®,  which  is  tela  away  toe®  ths  paleface  fey 
&  ©3®ipy©88faa  spring,  to  attracted  fey  ths 
stoecold  at  a  rate  that  is  a  fu.nc.ti or;  sf  Iho 
8jnper«-t.unu>  tfl  the  coil,  tfes  vicroaito  to  ite 
fluid,  and  tbs  iftsre  of  the  entice  er  feo  pa®-* 
sap  around  the  coro.  As  the  c-ero  s«y?6s 
further  into  the  magnetic  field  to  ths  stoeutod, 
tte  itei  Increases  until  !t  la  gtoeag  Gsaegh  to 
attract  the  armature  sufficiently  So  tote  ths 
bfeafetr.  Tfeijss,  aoy  desired  Unse-- atony  ctew- 
actertetlc  esa  fee  reintUy  tesilS  lute  a  circuit 
fesrssaSf.ss** 

TW  action  e? s  circuit  tesaltor  tripping  cte 
a  shoe:  circuit  todlffereiyi  from  Us  action  os 
overt:  ads.  Wte«  a  etert  circuit  occurs.  Use 
current  throats  ite  coll  to  of  froth  a  high 
msgegfade  that  tbs  magastorfiotlve  force  pr©- 
elucfsa  ovoreons«3  the  rehtofance  to  the 
attracts  the  arjaatur»v  sml  irippiuj.  Is  Instaa- 
taiseoirs.5'  Ths  worhiag  p-ortii  of  s  torcuh: 
breaScer  as'®  shown  to  Pig.  3-1  &. 

•*’  Susiantaiuwe^  vo  »  (p<*.nUfylr^'t  terra  i'riiicsibcj 
tivEt  ns.-  thj’.ay  in  purpasaly  idredac-r-i  in  f.ct’-oB 
ci  ti«;  circs;!?  brew.-': .  Thar-S  ii;  i5CCi:sVjarily  a  ti'Ea® 
dels^y  iaboui  0.01  ct'-r.-aud)  batosMn  (.!;:<  cccim-eisce  eS 
s  eter*  circuit  s.;vi  this  inyr-r.’-n!  -cc  tte  circi-S 
-b.rif.a'i'cr  bocsiaso  o«  ths  IksttUk  fsi  ihn  JripjXksjj 
esfecSiSsjlsta. 


ITig.  ^-53.  Working  parts  of  a  magnttic 
circisii  bi’ealtor.  (Hoinemima  Electrle  Co.) 


Circtot  breakers  caa  teo  uced  in  several 
ways  in  aiectsmic  eis'cnltfj.  The  conventional 
method  is  iha  geriefi  ovesrload  trip.  Other 
aaaliiedo  commonly  '.mod  are  the  shunt  trip, 
ralay  trip,  and  tha  cnJibrating  top.  Tits  dia- 
tlcgulsMng  features  to  each  type  sue  die- 
sussed  in  tte  following  gectioa®. 

Series  Overload  Trip.  This  method  of  cir¬ 
cuit  "Breaker  application  in  tha  test  ’mown  and 
iKOfft  widely  used  to  protect  oloctronlc  eir- 
etoto  and  equipment  The  trip  ceil  and  coa- 
tsaris  sni'e  la  series  with  the  load  across  the 
sarppiy  voltage  This  arrangement  Is  weod 
pdtaa  the  circuit  breaker  acts  as  the  maSa 
switch  and  overload  protoctlvo  device  in  elec- 
ImtAc  equipment,  or  ia  ugsd  for  ovorlosd  sad 
stert  circuit  protection  of.  components.  Ths 
circuit  arrangemect  in  shown  in  Fig,  2- IS. 

-Svmt  Trip.  In  tliia  appllcatiott  tha  trip  ctol 
is  in  parallel  with  th.o  load,  and  ths  contacts 
era  In  aeries  r4th  both  tito  load  and  the  trip 
ctoi,  nai  shown  in  Fig.  3-14.  Circuit  barkers 


5tf'.  3-13-  Circuit  Swatter  tsesjmetiona  for 
series  ovnriottrl 


Fig.  2-M.  Circuit  breakcrconiiectlasisi&v 
ehuni  trip. 


ol  tMs  type  have  three  terminals  per  pole— 
line,  load,  and  shunt- hip  terminals.  One  end 
of  the  trip  coll  Is  cciiaacied  internally  to  one 
oi  the  load  terminals  and  ifce  other  end  to  the 
shunt-trip  terminal,  ®y  rising  this  type  of 
circuit  breaker,  remote  switching  Is  poesibi , 
through  circuit  closing  contacts  located  in  a 
control  or  safety  interlock.  These  interlocks 


Independent  of  the  contact  circuit,  it  may  he 
operated  at  a  different  voltage  from  the  liae 
voltap-.  When  the  equipment  to  be  protected 
Is?  operating  at  high  voltage  or  high  current, 
the  trip  ceil  of  th®  circuit  breaker  racy, 
therefore,  be  operated  at  a  low  voltuge  ©s  Job* 
current  and  still  give  all  the  protection  re-  . 

- - qair-ed-fey  the  eguipaieilt^: _ _ — — - • - 

« 

Calibrating  Tap.  This  construction  is  ssisni-  . 
lar  l.o  the  scries  overload  trip,  except  that  an 
additional  terminal  at  the  common  point  of  th© 
contact  and  the  trip  coil  is  provided,  as 
shown  in  Fig.  2-16.  TMs  type  of  circuit 
breaker  allows  the  trip  codl  to  be  shunted  bp 
a  fixed  or  variable  resistor  to  bypass  some  oS 
the  load  current.  Changing  the  value  of  the 
shunting  resistor  allows  the  load  currssat  to 
be  raised,  without  increasing  the  sire  of  the 
circuit  breaker. 

Reverse  Current  Trip.  TMs  type  of  circuit 
breaker  is  used  60  d-c  circuit'?.  E  has  tens 


can  bo  sensitive  to,  and  their  operatic®  de¬ 


pendent  upon,  temperature,  pressure,  humid¬ 
ity,  time,  or  any  other  parameter  that  can  be 
measured. 

Relay  Trip.  This  iyps  dlfforo  from  the 
series  and  shunt-trip  types  by  liaving  the  trip 
coti  and  the  contacting  element  electrically 
isolated  from  each  other.  TMs  type  of  circuit 
breaker  has  four  teratosis  per  pole,  since 
the  trip  coil  and  the  witching  mechanism 
each  need  two  terminals.  Its  basic  design  is 
shown  in  Fig.  2-13.  Since  the  coil  circuit  ie 


Lo«d  Loud 

JAJ  (91 


Fig.  1-16.  Clrcaii  breaker  connections  for  cali¬ 


brating  tap  coastructlon.  (A)  Variable  ehuoiisg  - 

resistor.  (B)  Ftwd  shunting  resistor. 

windings  cm  me  coll  form — a  sortos  winding 
und  a  .a hunt  winding — connected  in  such  a 
manner  that  tag  fialda  produced  by  the  coils 
are  in  opposition  to  each  other  wlten  tlio  cur¬ 
rent  flows  la  the  forward  direction.  When  the 
current  flow  increases  beyond  overload  in  the 
normal  or  fos-ward  direction,  tho  field  pro¬ 
duced  by  the  series  coil  Increases  until  it  ig 
strong  enough  to  overcome  the  opposing  flux 
set  up  by  the  shunt  coil  and  trip  the  breaker. 
When  the  current  Is  reversed  in  the  aeries 
winding,  the  fields  produced  by  the  florlea  and 
shunt  colls  arc  additive  and  produce  s  flus 
strong  enough  to  trip  the  breaker  when  a  pre¬ 
set  valuo  of  reverse  current  la  attained. 

Character!  Mica.  The  prime  requisite  of  nn y  . 
circuit  breaker  lo  its  tripping  characteristic.' 
Other  requirement®,  such  as  operating  tem¬ 
perature,  humidity  and  pressure  ranges,  re¬ 
sistance  to  vibration  and  shock,  aad  fungus* 
real  stance  may  bo  nocossary  for  th©  proper 
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functioning  of  a  circuit  breaker;  but  they  are 
ail  subsidiary  to  the  mala  requirement  cf  the 
tripping  characteristic. ' 


From  the  standpoint  02  tripping  character- 
-lstie,  there  are  two  types  of  circuit  breakers: 
.  U)  instantaneous  circuit  breakers,  which  are 
used  where  there  is  ao  current  inrush  or 


to  protect  Tae- 


.  tors  and  instruments  and  (2)  time- delay  cir¬ 


cuit  breakers,  which  are  used  to  protect 


equipment  because  a  certain  amount  of  inrush 
and  surge  current  is  permissible  if  the  dura¬ 
tion  of  the  current  is  not  oxcessive. 


Time-Delay  Characteristics.  Representative 
time-delay  characteristics  lire  shown  in  Fig. 
2-17.  Comparison  of  these  corves  will  show 
that  as  the  frequency  increases,  the  duration 
for  any  given  load  decreases.  This  is  a  de¬ 
sirable  condition  since  the  heating  effect  of 
a  given  current  increases';  with  its  frequency. 


In  this  figure,  curve  1  allows  the  longest  those 
delay  and  is  used  where  a  circuit  is  protect¬ 
ing  an  individual  motor;  curve  2  is  an  inter- 
mediate  characteristic  used  in  circuits  whsre 
there  are  several  piece#  of  equipment;  and 
cow©  3  allows  a  high  inrush  current  for  it 
relatively  short  time  and  is  used  in  the  pro¬ 
tection  of  electronic  -wjalpfflent  ■add  compo¬ 
nent*.  -  ■ 

The  curves  in  Fig.  2-47  show  the  trip  char¬ 
acteristics  of  circuit  breakers  at  25  C  am¬ 
bient  temperature.  When  the  temperature  var¬ 
ies  from  iliis  value,  correction  curves  are 
required  to  sliow  how  the  time  delay  is  af¬ 
fected  by  the  ambient  temperature.  Different, 
liquids  used  in  the  time-delay  tube  give  vastly 
different  ambient  temperature  characteristics. 
Representative  curves  for  two  liquids  are 
shown  In  Fig.  2-18. 

Although  ambient  ...  rsperature  Affects  the 
time  delay  of  a  magnetic  circuit  breaker,  it 
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functioning  of  a  circuit  breaker;  but  they  are 
all  subsidiary  to  the  main  requirement  of  the 
tripping  cliaraeteri&tia. 

x  ram  the  standpoint  of  tripping  character- 
.istie,  there  are  two  type#  c3  circuit  breakers: 

,  (I)  instantaneous  circuit  breakers,  which  are 
used  where  there  is  no  current  inrush  or 

"ters  and  instruments  and  (2)  time-delay  clr- 
i.rs’it  breakers,  which  are  used  to  protect 
equipment  because  a  certair  amount  of  inrush 
and  surge  current  Jo  permissible  if  the  dura¬ 
tion  of  the  current  lie  not  excessive. 

Time-Delay  Characteristics.  Representative 
time-delay  eharaclorlstics  are  shown  in  Fig. 
2-17.  Comparison  of  these  curves  will  show 
that  as  th®  frequency  increases,  the  duration 
for  any  given  load  decreases.  This  Is  a  de¬ 
sirable  condition  since  the  beating  effect  of 
a  given  current  iaei'eases  with  Sts  frequency. 


la  fids  figure,  curve  1  allows  the  longest  time 
delay  and  is  used  whore  a  circuit  is  protect¬ 
ing  an  Individual  motor;  curve  2  is  an  inter¬ 
mediate  characteristic  need  in  circuits  where 
there  are  several  pieces  of  equipment;  and 
curve  3  allows  a  high  inrash  current  for  » 
relatively  short  time  and  is  used  in  the  pro¬ 
tection  cd  electronic  equipment  and  compo- 
_f£ni& _ _ _ _ — — — - 

The  curves  in  Fig.  2-17  show  the  trip  char¬ 
acteristics  of  circuit  breakers  at  25  C  am¬ 
bient  temperature.  When  the  temperature  var¬ 
ies  from  this  value,  correction  curves  are 
required  to  show  how  the  time  delay  is  af¬ 
fected  by  the  ambient  temperature.  Different 
liquids  used  in  the  time-delay  tube  give  vastly 
different  ambient  temperature  characteristics. 
Representative  curves  for  two  liquids  are 
shown  in  Fig.  2-18. 

Although  ambient  temperature  affects  tho 
time  delay  oi  a  magnetic  circuit  breaker,  it 


A~C  CURVES 
(60cycies) 


1001150  300  400  500  600 


RTiTiKT* 


0  900  1000 


PERCENT  LOAD 


D-C  CURVES 


300  400  500  600  700  800  900  *000,  £00 

ilQO 

V£3  PERCENT  LOAD 

Pig.  2-17.  Trlppiof;  characteristic*  oi  circuit  breakers.  (H-liwmaasc  Electric  Co.) 

107 


“3V - -  '  "V“  *-T' - 

*  "  ■_* 4  ‘  . 

.  . ipHs*  cj  ^ 


'■j.'  — u 


does  EOi  iaf&ssnc®  to  current-carrying  ca¬ 
pacity  oi?  to  icEtantaneous-trig  point  of  to 
breaker.  These  points  are  determined  by  the 
magnetomotive  force  produced  by  the  cur- 
rent  through  to  trip  coil,  and  this  function  ie 
practically  iadegteRdstaS  el  temperahsr®. 

The  arableat  temparature  effects,  Ulus- 


unfisr  magnetic  circuit  breakers.  Theiv  time- 
delay  characteristics  are  shown  in  Fig.  2-19. 

gpegiflcaMons 

Cistrult  breakers,  like  other  coaijXnent&u. 
uacS  in  military  electronic  equipment,  hav* 
coordinated  and  noncoordinated  specifics- 


trated  in  Fig.  8-18,  are73@stt^rOTCFKTliW - — nasar-ft 


temperatures  equipment  can  carry  an  over¬ 
load  for  a  greater  time,  and  at  high  ambient 
temperatures  for  a  charter  time,  than  at  nor¬ 
mal  (25  C)  temperature. 

Thermal  Circuit  Breakers 

The  tripping  action  cf  thermal  circuit 
breakers  depends  era  the  heating  "'feet  c!  ess 
electric  currant  in  a  bimetallic  element 
When  rated  current  or  lees  flows  through  to 
bimetal  strip,  to  circuit  breaker  remains  la 
the  closed  ixssiiioa,  On  overloads  to  bimetal¬ 
lic  element  is  bent  by  the  heating  effect  of 
to  current,  visit!  a  latch  releases  to  movable 
contact  or  contacts  and  opens  to  circuit, 

Ttoe-Polfly  Characteristics.  Thermal  clr- 
cu.lt  breakera/SSe"  magnetic  c i’rc .ait  breakers, 
have  an  Inverse  time-delay  characteristic.  A 
large  current  will  cause  to  circuit  breaker 
to  trip  in  a  shorter  time  than  a  small  current. 
Since  thermal  circuit  breakers  require  a  fi¬ 
nite  time  for  the  bimetallic  element  to  heat 
up,  regardless  of  to  current,  they  do  not 
have  an  inrtotaneous  trip  time  m  defined 


iaaa.o  used  by  to  three  servic  ,  arranged 
is  auaierical  order  are  summarised  in  the 
fofewing  paragraph*. 


MXL-C-§80SB(AI 


Circuit  Broakerg, 


era  push-pull  type  and  switch  type,  ai.igle- 
gscle,  trip-free  circuit  breakers  from  3  to  .125 
amp  for  use  in  a-c  and  d-c  aircraft  electrical 
systems,  and  has  been  approved  by  the  Air 
Pa  ce  and  to  Navy  Bureau  of  Aeronautic  a. 

33  specifies  components  and  materials  to  be 
u«ed  in  the  fabrication  of  circuit  breakers, 
and  has  a  precautionary  note  against  the  use 
cf  dissimilar  metal  o  in  contact;  or,  where 
their  use  is  unavoddat'e,  a  provision  for  pro 
iectloa  against  electrolytic  corrosion.  This 
specification  aloo  has  a  chart  allowing  how 
to  trip  current  varies  with  ambient  temper¬ 
ature. 

Appended  to  thle  specific  atioa  are  five 
military  standard  sheets  that  give  outline 
drawings,  dimensions,  ratings,  cJoae-ln  and 
rapture  currents,  open-circuit  recovox'y  volt¬ 
age,  and  file  maximum  weight  of  each  circuit 
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r\g.  t  -IS.  A?erag«  time  dslsy  of  a  magnetic 
circuit  breaker  at  350  percent  o i  a-c  load  as  a 
function  oi  auioient  temperature  (Sec  Fig.  3-17). 
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breaker. 

kaL-C-7078,  Ci rcuit  Brerkers,  Nontrlp- 
Free.  This  specification  conalots  oi  an  old 
specification  AN-C-77a,  dated  20  April  1044; 
amendment  3,  dated  22  December  1548,  and  a 
cover  shoot  with  to  statement,  "For  refer- 
eaca  purposes,  Specification  AN-C-T7&  is 
considered  cancelled  and  superseded  by  Spec¬ 
ification  MIL-C-7079;  however,  copies  ohould 
be  retained  for  attachment  to  this  cover 
ebset  until  this  military  specification  is  re¬ 
vised,  at  which  time  Specific otion  AN-C- 
77a  should  be  discarded, '*  It  c^/ers  single¬ 
pole,  nontrip-free  aircraft  circuit  breakers 
rated  from  5  to  50  amp  at  30  volts  dc.  The 
general  provisions  concerned  with  materials, 
components,  and  dimensions  parallel  those  is 
Hl1l-C-5809B(ASG)  for  equally  rated  circuit 
breakers.  The  teats  generally  follow  those 
specified  in  MiL-C-3809B(ASG)  with  to  ex¬ 
ception  of  humidity  recr’ stance,  fungus  resist¬ 
ance,  and  axplosionproof  requirements.  Cir¬ 
cuit  breakers  made  In  accordance  with  MIL- 
C-7079  are  constructed  to  prevent  flames 


TIME,  SECONDS 


Fig.  2-10.  Thermal  circuit  breaker  time -delay  characSortstica. 


from  escaping  during  saake  and  break  opera¬ 
tions  at  rated  current  and  any  altitude  up  to 
50,000  feet.  Their  contacts  are  not  to  fuse 
when  the  breakers  as®  held  closed  for  10 
seconds  at  400  percent  of  rated  current  or 
for  90  second*  at  259  percent  of  rated 
current. 

Nonelectronic  Circuit  Breaker  Specifications 

Hie  following  circuit  breaker  specifications 
are  given  for  reference  only,  since  thoy  cover 
circuit  breakers  for  power  and  lighting 
circuits. 

MIL- (Mi 379 A(ABG),  Circuit  Breaker,  Kioc- 
tricaliy  Opovatcd,  S-Pole,~Ty;x>  A-l.  Thie 
E^cillcaifon  covers  a  solonold-ope  rated 
S-pole  air  circuit  breaker  for  operation  in  the 
main  lino  circuit  ci  'v.O-kva,  30-kw,  208/120- 
voit,  400-cycle,  3-pbase,  grounded  neutral, 
engino-drivon  alternators  in  large  aircraft 

MIL-C-12433(CK),  Circuit  Breaker,  Special 
Purpose,  Manually  Opors‘  t,  Surface 
Sonnicd/  Sheet ~StceT~l£clofied.  This  epocifl- 
eaflon  covers  speHaTpurpbsTliianuaUy  oper¬ 
ated  circuit  breaker®  for  use  in  protection  of 
lighting  and  light  duty  power  circuits. 

M1L-C-14144(CB)  Circuit  Braaknrc  Man- 
ually  Operated,  Sur?ace~£lounted,  Stioet  Stool 
Enclosed.  ~3£Pole.  This  apocifi cation  covers 
manuaTIy^ope rated  circuit  breakers  for  out¬ 
door  application®  in  pietection  of  lighting  and 
power  circuit*  in  tire  field. 


MIL-C-l?381(Ship{i),  MlL-C-17587{Shliwi 
and'kltiT-C'- ft  588 A^folpa).  TheET~Bpeclficii- 
tioni  cover  circuit  breakers  si®  applied  to 
nrvy  vessels* 

APPLICATOR!  HOTS 3 

1.  In  selecting  a  fuse  or  ft  circuit  breaker, 
♦he  equipment  dosignar  should  ana  war  the 
following  questi oas: 

a.  What  ie  to  be  protected? 

b.  What  voltage  Is  to  be  interrupted  by  iha 
protector? 

c.  What  is  the  normal  currant  through  ihs 
component  to  bo  protected? 

d.  What  is  the  maximum  abnormal  current; 
through  tho  compoaent? 

e.  How  long  can  tho  component  carry  tide 
abnormal  current  without  damage? 

1.  Will  the  circuit  protector  ba  subjected  to 
any  vibration  or  shock? 

2.  All  leads  from  the  primary  eervice  lines 
should  bo  protected  by  fuses. 

3.  Fusing  c 3  Circuit*  should  be  such  that 
rupture  or  removal  of  a  Sueo  will  not  cause 
malfunction  or  damage  to  other  olaments  is 
the  circuit. 

4.  Fuses  should  be  connected  to  the  load 
aide  of  tho  main  power  switch.  Holders  for 
branch-lino  fuaes  should  be  such  that  when 
correctly  wired,  fuses  can  bo  changed  without 
the  hazard  of  accidantal  shock.  At  least  one 
of  the  fuse-holder  connections  should  be  nor¬ 
mally  inaccessible  to  bodily  contact,  and  this 
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terajtoal  elioaM  tea  connected  to  tsss  supply; 
tlis  accsesMs  terminal  should  be  connected 
to  to  Sc&si 

&  gjrevteicss  fes-  storage*  <ssl  spar©  fesaa 
£&RSd  tea  mid®  at  ass  accessible  Socaiica- 

™_Sat-«Umi«^iSffieaUw89a  are  used  to  pro¬ 
tect  vibrators  or  choppers,  they  may  be  sub¬ 
jected  to  cyclic  fatigue  broag'fa  about  by  the 
expansion  and  contraction  of  the  element  be¬ 
cause  of  the  intermittent  current  flow.  Time- 
delay  fuses,  which,  usually  have  elements  ca¬ 
pable  of  withstanding  expansion,  and  contrac¬ 
tion,  are  batter  under  these  circumstances. 

'!.  Instrument  fuses  should  tea  coordinated 
with  tho  inssbruraents  that  they  protect 

8.  'Fits  basic  rule  in  fuse  application  is: 
use  tits  highest  fuss  rating  consistent  with 
adequate  protection.  Fuses,  like  any  other  da- 
vice,  sir®  prone  to  aging.  They  should  be 
operated  holm  their  rated  current  whenever 
possible. 

0.  A  very  common  error  in  circuit  prclec- 
t8ow  is  tho  ua®  of  a  protector  with  current- 
time-to-blow  charactoriotica  that  do  not  cor¬ 
respond  with  the  characteristics  of  the  equip¬ 
ment  or  component  to  be  protected.  The  out¬ 
standing  oiTaraplo  of  tlds  is  tho  use  of  normal- 
lag  fuses  to  protect  motors,  especially  when 
tho  mote,  takes  a  high  starting  current 
Time-delay  fuses,  which  can  curry  1.0th  the 
starting  current  and  running  current  of  tho 
motor,  are  the  proper  devicoa  to  bo  used  in 
this  instance. 

10.  Under  short-circuit  conditions,  a  ther¬ 
mal  or  Urao-aolay  protector  with  a  relatively 
low  current  rating  may  require  more  timoto 
open  than  a  fast-acting  typo  with  a  consider¬ 
ably  higher  rating. 

11.  Fuses  with  a  rating  of  1- amp  and  less 
are  fragile  and  susceptible  to  rupture  by  vi¬ 
bration  or  ohock.  Tho  rellabiilty  of  the  fuse 
has  to  be  considered  wills  tho  probability  oi 


circuit  Esalfeiisttaj  and  tfess  acc.r.\7'.%;  fsss" 


12.  Fuses  may  Mow  because  ffi 3  ©vorfesatteg 

brought  about  by  poor  cooisets  ratte  thaa 
feaesuss  e2  wsf  fault  ks  Stas  etesS  ss1  0 

sasaL  ,  •  «. 

13.  Circuit  breakers  cas  tee  E®cst  in  lac."1 
time  and  with  leas  trouble  than  4 a  reqvdrsd  to 
replace  blown  fusee,  and  spar®  parts  ar® 
seldom  required.  They  may,  Kiarafore,  tee 
preferable  where  continuity  of  seswice  is 
an  Important  consideration  os  wfessw  frequent 
fuse  replacement  may  be  ospactod.  five  fir;l 
cost  of  circuit  breaker  equipment  is  some¬ 
what  more  than  tho  cost  of  fuss  equipment; 
but  under  severs  service,  circuit  breakers 
will  be  leso  ovp-sn.dvo  over  the  Lif®  of  tfes 
equipment, 

14.  In  the  protection  oi  circuits,  a  great 

deal  of  confusion  exists  on  tfes  necessity  of 
speed  to  interruption  of  tho  circali.  Sine®  tha 
circuit  protector  can  bo  ccaeldwred  from  twe 
viewpoints— (4)  protection  agahisS  short  cir¬ 
cuits  and  (2)  protection  against  overloads— 
the  conditions  of  protection  ar®  s^Bsost  dia¬ 
metrically  opposite  for  thsso  eeesMtiono.  To 
protect  against  short  eiradte,  speed  5a 
wanted — tho  moro  epeed  tfea  belter.  In  pro¬ 
tection  against  overloads,  come  allor/snco  has 
to  bo  made  for  harmless  temporary  overloads 
that  often  occur  In  tho  warmup  period®  wfcea  •' 
equipment  la  first  turned  on.  In  4Me  inctsse© 
tho  circuit  protection  device  should  not  oper¬ 
ate  unioce  tho  overload  perudAto.  - 

V;..uiatl ens  is  ambient  temperature  may 
change  tho  charactoristlco  of  thermal  circuit 
breakers  to  the  point  where  adequate  protec¬ 
tion  is  not  given  to  equipment,  or  also  ths 
circuit  breaker  may  operate  needlessly.  At 
low  temperatures  the  circuit  brewer  e aay  not 
give  adequate  protection,  if  tbs  characteris¬ 
tics  of  tha  bimetallic  strip  are  set  coordi¬ 
nated  with  tho  equipment  that  tfea  circuit 
breaker  io  to  protect;  while  at  higher  tem¬ 
perature  the  bimetallic  strip  may  bo  cohosted 
that  it  causes  unnecessary  circuit  interrup¬ 
tions. 
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Ths  fraction  of  an  electrical  measuring 
Instrument  Is  to  translate  tha  magnitvda  a! 
an  intangible  (low  of  electric  current  to  the 
tangible  position  of  s  pointer  along  a  cali¬ 
brated  scale.  The  pointer  deflection  of  all 
electrical  measuring  tojtrnmonta  taafimetic.a 
of  the  current  through  the  actuating  coO  of  tfc,j 
instruaicid. 

For  currant  measure  monte,  ths  actuating 
coil  is  connected  in  s-oriea  with  the  circuits 
to  be  measured;  full  cealo  defloctioa  la  moot 
lnnirumentif  usually  requires  1  to  10  ma 
tlirough  the  coll.  Whan  currants  larger  than 
those  that  can  bo  accommodated  by  the  coll  are 
to  be  measured,  a  low-rootstance  shunt  le 
placed  internally  in  the  laeiruraent  cac-o  and 
connected  across  the  coil.  Tho  magnltudo  of 
the  concurrent  ihenbecomeoafLnitefraciionci 
the  Indicated  current,  and  the  face  markings 
of  the  instrument  are  ecalad  proportionately 
to  this  fraction.  The  Instrument  usually  has 
eo  little  reslotanco  (compared  to  tho  meas¬ 
ured  circuit)  that  there  is  no  appreciable 
Interference  with  tho  normal  operatic®  of  ths 
measured  circuit. 

Voltage  meamiremontfl  are  made  with  a 
current  moaourlng  Instrument  by  means  of  a 
resistance  In  aorlos  with  the  actuating  coil, 
and  th®  entire  assembly  is  placed  In  parallel 
with  ‘ha  potential  to  be  meaoured.  With  Oso 
scale  marked  In  terma  cf  voltage,  tha  eeries 
real  stance  is  adjusted  eo  that  when  full- scale 
voltage  la  applied,  full-scale  current  will 
flcro  through  the  coll.  The  series  rcniatauco 
la  characteristically  high  enough  so  that  the 
instrument  will  not  appreciably  interfere  with 
the  normal  operation  of  the  circuit  being 
measwred. 


Further,  tfeo  tostramOEi  currant  may  fea 
supplied  from,  a  iraneducoy  cncfe  as  a  tfeomo- 
couple,  so  that  tho  i&sh'aajsst  rdli  vcag 
current  in  Sense  of  terajaraturo,  and  tits 
sacle  Is  calibrotod  4s  degree;  or  tho  inefrts- 
taent  may  bo  conno-cted  to  a  tachometer 
generator  giving  a  "oSto.go  proportloaal  to 
speed.  Tho  ecala  Is  thsa  marked  In  rpzi. 
Thermocotiploe,  tachometer®,  .eRdothoi' trans¬ 
ducers  are  dl&cnsaed  surfer  in  Jr. tor  seciloarc 

f>o!ilcitloac 

An  tfc3  dterassloa  progrs-5.se®,  tho  jasttsr  cS 
deflnlticmfl  becomes  Important.  Each  cf  tha 
military  and  industrial  specifications  listed 
in  a  lator  se-ctlca  Include®  e  number  cf  defi¬ 
nitions.  Ths  dofiuT’ana  «f  the  same  ltemo  are 
net  always  identical  to  all  cl  time  specifi¬ 
cations;  h-onrever,  they  do  not  differ  materially 
from  the  basic  Instrument  sttsdird,  tha  Amor- 
lean  Standard  for  SloctricaJ  Indicating  Inetru- 
iin-nts,  C 39.1- IP 55,  cf  tho  American  Stand¬ 
ards  Association.  Any  difference  la  wording 
is  lor  clarification  rutbsr  than  a  deviation 
from  tho  basic  definitions, 

A  few  of  tho  more  lmportust  definition .9  are 
given  below.  They  wore  taken  directly  (or 
paraphrased)  from  ASA  Standard  C3£U  ref¬ 
erenced  abova  other  definition-g  will  bo  found 
where  they  apply  to  the  particular  discussion. 

Indicating  Instrument.  An  tnatrumont  in 
which-  only  tit-c" present  vales  of  tha  quantity 
me  -oured  ic  visually  Indicated. 

Self-Coaitalnad  Instrument.  An  lnetrumGci 
which  has  all  ths  nccecaary  equipment  built 
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into  the  cnaa,  er  rands  ft  corporate  part 
thomoL 

Mechanism.  The  arrangement  at  casts  far 
producing  and  controlling  tha  motion  of  the 
indicating  means,  It  includes  ail  the  essential 
parlj  necessary  to  produce  these  results,  but 
does  not  include  iha  bass,  cover,  dial,  or  any 
parts,  such  as  series  resistors  or  shunts, 
whose  function  is  to  adapt  t’  ’  instrument  to 
the  quantity  to  be  measured. 

Moving  Element.  Those  parts  which  movo  as 
a  direct  result  of  a  variation  in  the  electrical 
quantity  which  the  instrument,  is  measuring. 
Th3  weight  of  the  moving elementirr’udeG  one- 
half  the  weight  of  the  springs. 

Note;  T he  ueo  o 1  the  tens  ‘  ic-oysn-sont”  la 

discoursed. 

Influence.  The  change  In  the  Indication  of 
the  Instrument  caused  solely  by  a  departure 
of  a  specified  variable  from  its  reference 
value,  all  other  vnilnbleo  being  told  constant 

E xt e  r  nal  - Te m pe raturo  Influsnca.  The  per¬ 
centage  change  [of  i o' A-  scale  value)  in  the 
Indication  of  nn  instrument  which  is  caused 
solely  by  a  difference  in  ambient  temperature 
from  the  reference  tom.poratura. 

Where  military  specifications  Indicate  a 
requirement  for  tho  maximum  effect  of  heat, 
upon  the  instrument,  it  Is  stated  that  tto 
meter  shall  Indicate  fr-  •  at  63  C  and  the 
dlfioreuce  between  tto  .  .ing  at  this  tem- 
po raturo  and  at  25  C  shall,  in  general,  be  not 
greater  than  from  2  to  20  percent  (depending 
upon  the  meW  type)  and  the  permanent  change 
shall  not  be  greater  than  from  3  to  4  percent 
after  a  aortas  cl  temperature  cycling  tests, 
the  great  variations  being  allotted  tto  am  nil 
Instruments.. 

Accuracy  Rating.  The  limit,  usually  ex- 
pressed~id  a  percentage  of  full-scale  value, 
which  erre'e  trill  not  exceed  when  the  instru¬ 
ment  is  user  der  roforence  conditlosa. 

In  general,  military  specifications  require 
the  initial  accuracy  ol  an  Instrument  to  bo 
of  tto  order  of  2  to  3  percent,  with  the  greater 
figure  applying  to  tto  1-  -.mi  1-1/2-inch 
Instrument  a.* 

?  The*  accuracy  rating  la  l^tmdod  to  re-prer**^ 
the  tolerance  applicable  to  on  Instrument  in  aa 
“as  r^colvt'jd  cofiditloa.  *f  Additional  tote  ranee  s  for 
the  various  influence e  are  permit! cd  v?h?a  appli¬ 
cable-  Generally  tlx?  nccurscy  0/  electrical  indi¬ 
cating  laetrumenU  is  stated  In  terms  of  the  dec- 


Military  spgcHteSItsaa,  general,  es$ 
limits  to  tho  porsaftasai  cfemges  allowed  tor 
errors  ia  indlcaiiae  after  stated  amounts  ci 
vibration  and  ohedt  ezi  temperature  oaciuv 
eicas  have  bees  appSaS.  Military  Spe-  'Acs” 
tiosj  M-10304A  is  sk  pss’tictslar  importance  ia 
that  it  covers  raggesfiaed  radora  that  see 
required  to  stow  issss  than  elated  amounts 
of  error  after  beta#  subjected  to  Mgh  values 
of  abort:,  vibration,  temperature  excursions, 
and  immersion  in  waiter.  Maximum  allowable 
values  of  friction  are  alto  stated,  Where  high 
values  of  vibration  tsad  shock  and  oxyooure  ta 
the  elements  may  be  expected,  as  is  usually  tto 
ease  in  military  appSteaticras,  tho  ruggedlsed 
instruments  in  aecorni  with  u iip  epecifieatlca 
should  bo  used. 

Speed  d  Isdlcatlea 

When  electrical  eaasrgy  lo  applied  to  m 
electrical  measuring  lastrasneat,  or  whan  tto 
energy  value  changes,  tto  pointer  should 
respond  promptly  sad  indicate  tho  Oidottag 
valuo  without  delay.  B  should  not  oscillate 
unduly  before  coming  to  root.  Further,  if  tho 
voltage  or  currest  spjrtod  is,  in  iteolf,  chang¬ 
ing  rapidly,  tho  isjtrusncnt  pointer  should 
follow  those  chafes,  If  a  tbs  othor  hand,  if 
tto  voltage  changes  vary  rapidly,  as  in  tho 
output  of  a  spscch  (uspiiiior,  or  of  a  coda 
tranemlttoi",  it  may  b@  proferabl.o  to  h.avo 
a  response  which  Is  dolayed  u  bit  and  which 
tends  to  overage  osS  very  rapid  fluctuations. 
Thug,  tto  ova  rail  isstramest  dynamics  tnusi 
bo  cOTaldcred  to  sosa©  detail. 

To  fc&jqttaiely  tflsewc-a  instrument  response 
to  tto  -applied  electrical  ensrgy,  a  for?  defi¬ 
nitions  from  C38.1  &i®  sst  forth  bsrei 

Damping.  Tto  t23T3  applied  to  denote  the 
manner  in  which  ito  potato?  settles  to  its 
steady  indication  after  n  change  In  tho  vales 
of  tto  measured  quantity.  Two  general  classes) 
of  damped  motion  are  distinguished  as  t-'tiove: 
(1)  periodic,  ia  which  She  pointer  oscillates 
abort  tho  fluid  position  tolora  coming  to  real, 
and  (2)  aperiodic,  La  which  tho  pointer  comes 
to  root  sit  tout  o-vorstooStag  iha  reel  position. 
Tto  point  of  change  between  periodic  and 
aperiodic  damping  is  called  critical  damping. 

Wcte;  Aa  lestmmcEt  te  ccoafdBred  to  bo  criti¬ 
cally  damped  wb.es  crere-heot  ia  present,  bci 
does  not  exceed  ea  smart  eqacl  to  one -halt 
the  r.-.ted  ^ccarssty  ci  tbs  io ai  rurr.cr-i,  when 
deterralaed  tn  s-ccordsaes  with  the  note  aed*r 
"Dsiuplng  Itectox”  bf.C.'al. 

tr!c*l  q-asu!ltte»  to  v.-hXc  th.o  L-.*Jrntjiot7t  responds, 
na  instruments  wtfb  &o  ksto  at  a  potnl  othsr  thna 
cttw  end  ol  the  eerte,  f.ba  arithmetic  surs  oi  tfcs 
ersd-ccais  readings  to  do  rljbi  and  to  tho  left  of 
Ltw  *oro  pohat  shall  fca  tssvd  so  Lbs  full-scale  value. 


Overshoot.  The  ratio  of  the  orertravsS  t£ 
the  Indicator  beyond  a  new  steady  deflection 
to  the  change  in  steady  deflection  when  a  new 
constant  value  of  the  measured  quantity  la 
suddenly  applied-  Theovertraval  aaddafleetioa 
are  determined  In  angular  are  and  tits 
overshoot  iououally  expressed  a*ap*rc«3tags. 

Note:  Sine*,  in  some  Instruments,  Ete  ratio 
depend*  on  the  magnitude  of  five  deflection,  a 
value  correspond!^  to  an  initial  deflection 
from  sero  to  full  acale  1*  used  in  determining 
the  overshoot  tor  rating  purposes, 

Damping  Factor.  The  ratio  of  tim  deviation* 
of  tho  pointer  in  (the  first)  two  consecutive 
swings  (In  the  same  direction)  from  the  posi¬ 
tion  of  equilibrium,  the  greater  (first)  devia¬ 
tion  being  divided  by  the  lesser  (secced).  The 
deviations  are  expressed  In  angular  measure. 
Where  military  specifications  set  limits  to 
tho  damping  factor,  the  value  varies  from  1.5 
to  2,5  maximum  depending  upon  the  types  of 
instrument 

Note:  Slnca,  In  some  Instruments,  tfea  damping 
factor  depends  upon  tho  magnitude  cl  ih® 
deflection,  It  le  measured  a*  the  ratio  la 
angular  degrees  of  Lhe  sisady  deflection  to  the 
difference  between  maximum  angular  mo¬ 
mentary  deflection  and  steady  angular  dsflec- 
Uoa  produced  by  a  sudden  applicaitoe  of  % 
constant  electric  power.  The  damping  fccior 
specified  shall  he  determined  with  ^efficient 
constant  eloctrlc  power  applied  to  carry  the 
pointer  to  full-ecals  deflection  oa  the  IlnSi 
swing.  The  damping  shall  be  due  to  the  Iniine- 
ment  and  1U  normal  accessories  only. 

For  practical  purpo*ss,  the  damping  factor 
Is  simply  the  reciprocal  of  the  ova  reboot. 
That  ts,  if,  say,  10  volts  it  suddenly  ac<3 
initially  applied  to  a  15- volt  instrument,  and 
the  needle  kicks  up  to  11  volts  oa  its  first 
deflection,  this  is  an  overshoot  of  1/10  of  th* 
final  deflection,  or  10  percent;  and  the  damp¬ 
ing  factor  is  10.  If  the  steady  voltage  already 
on  the  instrument  had  been  5  volts,  and  then 
5  volts  more  had  been  applied  @o  that  tbs 
now  steady  deflection  again  becomes  iO  volts, 
ths  overslioot  (assuming  the  oecdls  again 
kicks  up  to  11  yolts)  would  have  been  1/5,  or 
20  percent,  and  the  damping  factor  would  have 
been  5.  On  d-c  Instruments  having  a  uniform 
scale,  tho  overshoot  may  be  taken  betwosa 
any  two  points;  however.  If  the  scale  In  non¬ 
linear  It  Is  best  If  overshoot  r  -asurrmeats 
are  taken  from  scale  r.ara. 

Response  Tim  a.  The  time  required  after 
an  abrupt  change  has  occurred  In  tho  meas¬ 
ured  quantity  to  a  now  constant  value  until 


flta  pointer,  or  indicating-  means,  ha*  fir s£ 
come  to  apparent  rest  in  Its  new  position. 

Military  specification*  r'Mch  set  farodmusn 
Unfits  to  the  response  time,  ia  general,  require 
tha  value  to  be  cot  over  2  to  3  seconds  de¬ 
pending  upon  tho  type  of  Instrument  involved. 
Since,  in  coraa  ind.  uments,  ths  regpesifa 
ttoo  depends  oa  the  magnitude  of  the  de¬ 
flection,  a  valuo  corresponding  to  an  initial 
deflection  from  zero  to  end  scale  Is  used  1* 
determining  ths  rsapones  time  for  :  mr- 

poBes.  The  pointer  is  at  apparent  rest  wfeea 
it  remains  within  a  range  on  either  side  of 
its  final  position  equal  to  one-half  the  ac¬ 
curacy  rating. 

Response  time  involves  both  damping  and 
epced  of  action.  The  instrument  designer 
consider*  reeponco  time  in  terms  of  the 
natural  undamped  period  of  tho  moving  system 
and  the  degree  of  damping. 

In  a  practical  sense,  a  short  response  time 
makes  rapid  Indication  possible  smd  is  gen¬ 
erally  desirable.  It  Is  best  obtained  In  an 
instrument  by  having  an  overshoot  of  i«*s 
than  20  percent;  d-c  mechanisms  can  gen¬ 
erally  bo  designed  with  an  optimum  of  5  to 
10  percent  overshoot.  Other  types  of  mech¬ 
anisms  are  loss  readily  damped  and  a  damp¬ 
ing  factor  of  1.5  minimum,  equal  to  an  over¬ 
shoot  of  67  percent  is  usually  allowed  cm 
iron  vane  a-c  instruments.  This  is  permltisd 
because  damning  In  these  Instruments  must 
bs  obtained  by  auxiliary  means,  such  as  a 
damping  vane  In  an  air  chamber  or  in  s 
separate  shielded  magnetic  system. 

Very  high  speeds  are  usually  obtainable, 
only  on  special  order.  They  are  costly  to 
build  and  toko  more  paver  than  standard  typsa. 
Since  tho  eye  can  barely  follow  the  motion 
of  a  normal  instrument  pointer,  very  high¬ 
speed  instruments  are  seldom  used  as  Indi¬ 
cating  instruments. 

Low-speed  heavily  damped  instruments  are 
valuable  where  rapidly  fluctuating  voltages 
or  currents  must  be  indicated.  They  are 
more  cor’.ly  than  standard  types  and  are 
needed  only  occasionally.  The  VU  meter  used 
In  broadcasting  monitoring  Is  only  moderately 
Blow;  its  response  time  is  0.3  seconds  wita 
an  overshoot  of  1  to  1.5  percent. 

The  speed  of  an  Instrument  may  be  spec¬ 
ified  by  calling  for  a  given  response  time, 
usually  with  a-  oprlate  tolerance  of  10 
percent,  and  a  damping  factor  or  percent 
overshoot.  These  two  Item*  will  completely 
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govsns  ths  ^asaaScs  s?  sJS  Mesas' §«af®ias®7e» 
Eseats.  AEtfemsgfci  maHasa?  ge&to  Iffisfse^sssls 
dss  act  foils®  te  stime  @sse%p  t&s§  sm ' 
®jmUy  aiss  grpssllisd!  to  tMs  sssssaef.. 

WHS  ©P  MEilW 

FJessssiug  tettrt&neffife  ss?a  ?xosrs^^ 
proEpsd  aeemflng  to  ttss  iSffovesS  M&«2&  til 
scaling  sa®cSbujisjsp>  thsj?  <s©£tot®» 

gerasam^  ^sosoa  BfovaMs  ©slS 


‘FMs  fjpSj,  wfeSds  s^spssHjls  IsMeely  asSy  te 
Sis&si  etirs'enf,  Is  to s  sao>S  es®sfl«r.  t^s  til 


raiscfe  less  tfeaa  S  bjw  testoj  iretpimS  tor 
Ml«c«al©  deflecMoa,  S&s  sneehsMssa  fiiisf  feo 
n$$d  wills  relatively  iaeffidsEl  g®sBVf~53fi>3 
&$wigi££  to  measure  altensiiBg  enrrsnt  &®S 
gt-stoatis!  ss  well  m  to  tedlcato  I'asSetgiBsg 
vatoss.  Bass$»g  Is  asssBy  eKCQl<safc  tortps 
is  good.,  aacS  tfee  sscstatea  fc  rsMIve^ 
Imsauae  to  mffitenie  sfesclK  and  vlfesaito,, 
Bee&ass  el  its  retpsireraeat  loss’  MttSe  «acs^9 
only  very  large  elocMcal  iwerte©’-5"  will  ferns 
It  snst  Sa  lad,  ewch  sssdLtoyy  Stafi«  as  asrtos 
resistors,  steasta,  3skS  tiS'3Fmle«svsstei’3,m,s 
shops  object  to  .eiactrleai  ds@3@o  Sbas  #® 
E»StR!fflS<Mj|  iSKJCilS.eSQ®  itesE. 

“Kis  FM3C  ifflsfiSisalam  CTasleto  sSaparam- 
aoat  magnetic  aystoai  gmfccimg  a  Itoavy  fes: 
dasisity  (frora  1S09  to  TO8  $mm)  is  tls@ 
gap  to  wiiicia  tha  aete%  edl  m<m&,  ’$&& 
soil  Is  pivoted,  afmally  ai  its  ceBtor.  ffeSu 
tSia  gap  to  sirculsr  Wl  tteo  HBafjeaMt:  field  Is 
radial  elites  14.  WiOa  sa  ssatejmsl  aa^e^ 
fsteictor©  cf  Fig.  3-4  rosulsi  in  msim 
Snstescss  ihs  totorn^^S  of  ece'o  eiagnot  syuisas 
of  Fig.  S-2  le  used.  Wilfe  ffilfe?  lyps,  4s!« 
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n'$Ms&  alrpf  Ss  gsiaH,  @.0§  te  ©.@8  Ssea. 
T&  jsaatetsaSH  sowstsat  flas  to  4Ms  -Steg8|5p  tfes 
Gii«<setoff0  raisM  l>a  ooSSlcilsaftly  rigid  to  ®rols8 
(gfeasjgsff  fe  Ifes  gap  Icai^h  dE3  to  ’erS&roMs®;, 
rassefe,  er  fiessparstsars  change,  sb4  to  Magai^ 
Stsslf  sss^l  fear®  a  auffMeatSy  Ifflig  food?  to 
eaesr©  tlsst  M»  ssa^ael  is  tady  pmzassimt. 

Tins)  ra®?isg  coil  to  soealljr  «os=d  fiffl  sn 
aloBtens  ferns  wMcfe  gesveo  ao  &  ®oil  ea®* 
gsM  ami  ssis®  .teititshas  daroplsg'  to  to 
earrads  gwr^«d  ia  it  whea  so^isg  to  tfeg 
ssspjsM®  SeM.  The  call  r/tedteg  saay  vasp 
Ssts&t  S©  6s>  IS^S  teas,  ami  feavs  a  pgsietane© 
«S  frssa  a  teHlesi  of  1  oStts  to  ss  sarsfe  m 
3$S9  ehsae.  Hvct  feasas  cssaentesi!  to  lira  eca 
ea«y  tks  glvste,  feioier,  tjaians©  smss  ciai 
®s4aga.  ffes  pi  veto  rd«tein  V -Jo^tKsarlug^, 
ephagoS^pairtodl  Is  eskhs’  tetasces,  as  sfeera® 
SB  Fig,  3~S^  -. 

1®  et»7»«dltoaol  S©-fep’co  estuo  tom, 
sctaadly  5S  to  1 10  degress,  such  a  asechanissa 
to  s  S»  ©r  S-iisch  kp.sq  cajj  bo  deaigtsed 
tor  aay  d-c  nisasuretBsui.  It  tsdll  f4U»sisM, 
wltla^  ds»3ag®,  instantouooun  owrloads  e? 
ISO  tla’sia  4fea  top  scale  walu©  or  tibas®  tha 
fe^i  satis  rate®  lodsflnllely,  prorldsd,  H??- 
«?«?.  tot  there  be  no  more  than  8®0  vut« 
acrvsss  tfeo  toraslBSiis  and  mA  <«rer  S  TOitg 
to  the  inrtrumeot  for  errs?  ®  few 
ascends.  With  a  less  milliwatts  dieelpniioa, 
tfeo  oomsal  rated  accuracy  Ss  S  percent  til 
MS  scalo  la  moot  instoccoa,  wiife  ads(5«flt© 
e$Ks*d  sad  eptoatun  damping. 

Long-Ecalo  Iasi  rumonta.  Where  tbs  pointer 
E3«Bt  mare  §00  to  SSTSTogreea.  a  more  in¬ 
volved  magnetic  system  with  a  moving  coil 
pivoted  til  center,  as  shown  in  Fig.  S-4,  Sa 
required.  Long- scale  tnetrmnonts  are  baaic- 
ally  legs  accurate  than  those  with  tbs  89- 
degree  6‘cal®  bscnuBO,  ia  the  latter,  too  at- 
r,-  '••''0i-..o-.ot  cl  tho  concontrJc  tore  and  ifea 
core  tm hS  to  balance  out  snocbartlcal  impel'- 
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Seettons.  FowiSei”,  ffl®  Ess  sHeadt?  ia  ISso 
itag-se*le  iasisiBHents  to  limited  fseousao 
off  Use  etmctora  itaslf  sa^l  tes  4c£a!  Sax  asst 
£»  spread  over  a  greater  gap,  ©a  Ska  othei? 
Haasd,  long-seals  iastraaacate  asa  mmo  x*ee&» 
able.  The?  ciHsaliy  rebels©  rt-srj)  pswas-  Sc 
sparaie  and  rea  eqosw  difScaS  S^  fflsaop,  Tfesy 
are  '  inevitably  mors  eajisaolv®  Stfesa  itoafc?®- 
majte  with  the  SO-dagreo  seal  a.  fe  gaoerai, 
these  long-scsie  instrassoni*  sra  editable 
only  for  special  ap^licablCES  where:  £ho  ds~ 
Udeaciet  meaiieEed  cm  be  acs9gS®3  ia  the 
applicatioa  and  wteara  reeiSaMliiy  is  cC  prim© 
importance,  sith  senjri.ti'ait^  aba  aesaresp 
lesser  requirements. 

This  type  off  IsMfewsoat  Jo  satww  sogsepHhle 
to  shock  and  vibration  asiS,  fas  the  pausl  type, 
is  lacking  in  raggetiness.  Es  ama®  special 
tosiances,  as  is  the  largo  switchboard  typo 
developed  primarily  tor  Navsl  me,  sdequsd© 
reel  stance  to  shock  acd  vibndica  teas  be-33 

secured. 

It  is  worth  noting  that  8©-dggy@3  ecalse 
sura  used  tor  ail  laboratory  grade  instruments 
with  rated  accuracies  of  baiter  this  1  por- 
cseL 

Ranges  god  Applications.  Insirutas2i3  with 
P>iMC  njechaSKms  wtIH~inlora3l  shunto  for 
currents  up  to  about  30  drop,  and  cotu&cted 
to  external  chants  for  higher  curresto  (MIL- 
8- 01  A),  are  wren!  to  raeaeure  direct  correct 
The  mors  sensitive  typos,  adlMararcsSorts, 
ars  used  for  plato  current  Hieasurawmiita, 
Mlcroammetare,  available  so  }.r~ m  20  micro¬ 
amperes  'till  scale,  are  used  as  Indicators  ia 
nuclear  radlatic®  Instruments  and  monitors. 
A  voltmeter  for  direct  current  consists  off  » 
sensitive  mUliiunmoter,  usually  2.  eta  full 
ccais,  with  internal  rosteiaKCO,  ICC!?  ohm® 
par  volt  full  scale,  for  up  to  300  volia.  Elghor 
ranges,  used  as  plats  volintciors  Sss  radio 
transmitter o,  for  example,  require  ajdsnial 
resistors  per  JAN-K-39.  Mllll  joltraeters  op¬ 
erating  from  a  tharnaocouplo  ara  usod  as 
temperature  indicators.  An  ©sample  ie  an 
electrical  thermometer  for  eshaotd  gases. 
Special  compensation  ia  the  form  off  a  nega¬ 
tive  temperature  coefficient  carboa  resistor 
may  b«  included  in  the  Insirusiessl. 

Becassa  off  tits  large  mmbsr  tS  ranges 
ili.vl  might  be  selected  for  military  uso,  many 
of  the  BpeclficaUorw  glva  preferred  ranges., 
•which  should  always  bo  used,  tiara  specifi¬ 
cally,  Military  Specification  111-10304  U ate  tbs 
ranges  to  bo  used  for  nse’  equipraerst  Tbawo 
range*  arc  shown  In  Table  S~L 


CB5  '  (C) 


fig.  S»C-  Plata  and  sprteg-ctiahiOBcd  V-jeweS 
lsfibrcsnent  bearings:  (A)  Ring  and  end  stone 
}e®*l  bearing,  (B)  V -jewel  boarlnj,  and  (C) 
Spring-back  jewel  bearing. 

Mi HivoMassterg.  It  should  be  noted  that  a 
BJilliwoltmetar  is  aot  merely  a  milHamniater 
oesd  as  such,  but  rather  ia  a  snilliammeter 
with  tKf$sd  series  resistanca  to  bring  it  to  a 
oqsacMie  valuo  of  both  Ml- scale  miUJvolta  as 
ttoil  as  rssifltmsca.  W&oc  a  mill! voltmeter  is 
placs cl  serosa  a  ohant,  It  is  activated  by  a 
tirep  is  that  chunt  in  term  8  of  roillivolts. 
Similarly,  if  used  for  monitoring  currents 
In  csvos-a!  circuits  by  being  placed  ia  shunt 
to  sn  accurately  sxljustod  retd  stance  in  those 
eimfito,  the  millivoltmctor  again  mart  te 
edjttstod  to  a  specific  roaletance.  The  practice 
off  placing  a  nsUliamroetos-  of  standard  current 
raug-a  across  a  raftirtar, ..  for  monitoring 
purposes  Elsoukl  I/O  avc-Aaed  because  mlUiara- 
moioroj  ns  mtch,  are  never  adjusted  to  a 
ejxscified  resiotanco,  find,  further,  oy<m  though 
tbo  soslstanco  lo  known  and  taken  into  con- 
tdcSa ration,  bo  temparature  componsatlcKi  csf 


Flsjf.  ?-4.  ttajjjpoetic  oyRissa  for  loeg-ocsta 
iaEtress-C-ids. 
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Table  S-l— Preferred  aangas—^iJc^^feejJl  Efetos* 
Applies  to  2-5/3-  find  3-1/2-fcd?  Slso« 
Esscpt  sss  Indicated 


|  AS  Metoro  | 

‘  Asarnsvier/i 

EBliiauunetesa 

VoSimctorfl  1 

1  0-1,  tVS,  0-S,  0-19, 
i  0=20,  0-50,  0-100(1},, 
0.S«),  0-500(1} 

0-Sd,  2-30,  0-50,  0-100, 

o-seOo  0=500 

(VS. 5(3),  8-3,  0-5(3), 

0-0,  0-10(2),  0-15,  9-30, 
0-80,  0-160,  0-800(4) 

|  &-€  Mefew  J 

Amsaetors 

KiUlUunmeterfl 

Volimefers  1 

. .  J 

0-1,10-3,0-5,  C  40, 
0-20(55,  0-  50(6), 
0-168(5),  8-20K5}, 

6-o-a,  io-0-io, 

10-0-30(5),  20-0-30(5), 
3e-3-S-0(55 

S-S,  0-5,  0-50,  0-50, 
0-100,  0-300,  0-500, 
i-o-a,  s-0-5,  lo-o-ie, 
50-0-80,  100-(MOCo 
500-0-50:1 

(V2,  (V10,  0-30,  0-6^ 
0-100,  8-206,  0-800© 

Ktttoaidaotsra 

Sil-ssoltffiieter® 

0-5(5),  0-1.2© 

• 

0-2i;  c  50,  0-100, 

0-206,  0-600,  60-0-58, 
2C-J-C-1C0.  600-0-508 

0-1(6),  0-2(6),  0-6(8),  j 

0-10(6),  0-2(4®),  9-30(95  1 

1  I 

|  Efotoro  | 

|  Am  mtVora 

MUlameisys  | 

e-l,  0-2,  0-5,  0-10,  0-20 

1-— _ ...  •  ... 

0-300,  0-WJ0  j 

BofeMK  (1)  Used  with  estorasl  current  f'.'pjjsJflSEssf 

(2)  Preferred  only  tor  2-1/2-toch  motors 

(3)  Preferred  only  tor  3-1/2-IrcSs  Gistors 

(4)  Supplied  with  astorual  resistor 

(5)  list'd  with  external  aiaai 
(0)  Used  with  external  sviei^to? 


thf'i  rgsistanc©  Iris  h«ea  arranged  as  is  tl tss 
c*»3  In  a  milDvol  trader.  Mllllammetero  and 
adcroam  meters,  «Jtb  adjusted  real  stance  fey 
U38  as  millivoltroctera,  are  listed  in  many 
a£  ttse  spu  c  if  i  cation/}  and  uhould  abrayg  be 
used  whore  the  ruqulramcnt  is  essential  for 
fi  tnilll  voltmeter  io  V;  ahunfad  acreap  aa 
appropriately  jtri  meted  re  sis  lanes  in  a  circuit 
o.r  circuits. 

Ye  consider  the  matter  of  tonq-orstur® 
oasrpeissatlon  of  nii.Uivoltmete.rs  in  greats.’/ 
detail,  it  is  generally  nsccesaxy  toadd  several 
tines  ae  much  sens  temporal  urs  coefficient 
real  stance  wire,  in  ohme,  an  tn  lira  motor 
Rawing  coll,  to  limit  a  mUlivoltineter  error 
tfca  to  temperature?  to  1  percent  for  a  change 
of  10  C.  Where  wide  temperature  excursions 
sure  to  be  expected,  more  complicated  pro¬ 
cedures  are  required,  such  aa  the  uea  of  a 
otnro  elaborate  networli  or  tho  nddiilcm  of 
carbon  resistors,  which  have  a  negative  tam- 
peraism  coalitcied,  to  cancel  tho  poeltivo 


coefflciait  os  tho  copper  moving  coil.  Kar- 
niBlly,  millivolt  motors  aro  c  co.  ;ri  ds  r  ©d  as  co  sa  ~ 
pensatsd  if  iha  change  in  indication  as  & 
miliivoitsaetor  is  less  Utah  half  tha  ruled 
accuracy  for  a  temperature  chs.ago  of  10  C. 
Bui  this  may  add  up  to  several  percent  if 
operated  at  temparaturo  extremes.  j'iiare 
appears  to  be  no  sirup!®  answer  to  this 
problem  and  where  high  accuracy  is  required 
at  teinpsratura  extremes,  an  engineering  study 
af  tho  iiustrasnent  circuit  as  a  whole  la  usually 
required, 

Ohmmgtorg  and  Capacitance?  Meters.  A  very 
common  application  of  the  d-c  m echini fm:  ia 
aa  an  chmmetcr.  Resistance  la  added  to  the 
mechaninns  aa  In  a  voltmeter,  and  a  dry 
coil  or  a  dry  coll  battery  or  another  source 
of  d-c  voltage  ig  placed  in  series  with  It 
along  ■with  *.  pair  of  terminals  for  connection 
to  tha  external  ral stance  being  measured. 
Tito  internal  resistance  io  such  p.s  to  allow 
for  full-scale  deflection  oa  the  battery  volt- 
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ttss  swfl?.atsffin@  tetaSssKTia  zm^  i&s  mtor 
then  indicates  Ml  asals;  K  fit  Is  cqasi  t©  ife® 
tetegas!  total  eimift  ?@®lsis®s®7'®®a 
SsBicatioii  i®  fealf  «Sf„  fa  saaefe  olf  sitter 
seal®  potato,  Sfes  MlvuiMg  estz&iim  ®as  &s 


Jtereswt  dsitecStea 
is  terns  ai  fell 
seals  eurreat 


Internal  .agals&ass®  <• 
S^terasS  sresisstoncsi 


However,  battery  veltege  catties  md  Mne© 
to  seal®  to  ahma  Is  a.fe:aef.l©ti  ©I  fiho  totessal 


tli®  totemal  regicstaass  at  ®«ss  even  vstee 
atsd  adjust  2®?  tfeo  enissJag  baitef  voKag© 
%  a  vSHable  roeMane®  gtast  arossd  tis© 
Ksecfcaalsia  only,  as  shewn  i% i  Bg,  S-6,  M- 
jjustsaent  of  tfcss  ahtsat  makes  Etila  cfeaage  is 
tfc®  total  restetanc©;  fe  §dje®tsoti  is  saasi® 
to  fall-scale  d«fiositea  :th  to  ©sternal  re¬ 
sistance  terminals  shorted.  golcsttoa  of  values 
cA  internal  resistance  battery  wastage,  mech¬ 
anism  currant  for  S&U  scale,  and  g&aat  adjust" 
ie^f  raelstaneo  srill  all  deperafi  ®poa  to  y®- 
gdflt&rte©  rang®  reqalrements.  la  gsr.®?al,  fa? 
testing  t?ith  a  single  dry  cell,  t&"J  lows?  tlrs 
Ml-@eala  currant  wains  to  Mgfear  tte  internal 
FedetflEca  and  the  !a$»?  tt»  tisftaetSm  tent 
a  gives  external  re.-alstone®. 

For  still  higher  resletenee  rashes,  suMittessai 
battery  und  internal  wn&etom*  Is  sreeded. 
Lower  value  scales  are  arranged  fey  chanting 
to  saeefeasriem  and  teieraal  series  roeiflteaca 
for  a  lower  effective  total  reeistence.  Ses 
Fig.  8-8  tor  »  feyjdcal  dSapsaa  cS  a  6-range 
eteuseter, 

Similarly,  m  a-c  wtiawisr  way  he  w#ed 
a®  a  ca5K5.cltnnfie  raster.  Amass stef  tit®  volt* 
meter  circuit  is  toe  pssraly  mcsiatiTO,  as  1® 
ujjaally  to  can®,  end  whan  c^arated  «a  as 
adjured  alternating  voltage  d  Hand  frequency 
giving  Mi  node  wfcea  to  external  terjainslr 
are  aborted,  the  scale  cao  toa  pointed  off 
by  the  lolioeiag  eqaatisa; 


J^r-osat  defteeikss  iaSsraai  rea-SeiasMXs  It  ?.G0 

*  •?r*J  °*  if 5  "  1’ofcufi^ 

s»s&9  teu'ressl 


where  to  total  circuit  ;  npo^aace  is  o^ad  to 
to  sijaar®  rod  ca  Ok;  sum  d  to  aqoaren  d 
the  capacitive  raacteseo  la  dnse  (at  to 
frequency  acod)  sad  to  tetarsal  r.3@iKt&!Ko. 
K  a  rectiftor-typs  vdtmeter  is  need,  e^^sd- 


mfd  for  avdlable  votinge  sacJ  fi*8d  tetemal 
reelataoce  any  be  xa^&i  dantiog  to 
moving  eetliteeHL —  .  —  . ..  _ 
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&%.  S~8.  debemattc  fSiagrsss  of  iaiUI«Hti9r 
ugi-d  sup  es.rioB  oSiBisaeter  gitife  meter  s.’-Kswi 
adSentBssat  for  fc&tt ory  voUmge  vadte. 


fins©  la®ea.tlag  inetrasnents  are  6or  ma  I® 
oil  psdllos^,  it  ie  very  sascesessy  ffld 
lEOvlssg  element  ifcs.K  fes  Is  ®ast  Sstes®, 
'fM  i«,  the  moving  element,  wfeao  esnmg 
ftefsean  its  tmarin^  and  %ltb  w?  spSsjj 
tosqaa,  dmnSd  ®«Bun»aaj[  wfeste©# 

wesid  cane®  It  to  take  a"  specific  podtisaty 
ti»  fore®  of  gravity  wtie®  tits  assls  was  Rrs4- 
aoataL  Kffectlvely,  (Me  ssosms  that  wfe«s 
o.:4«r  tfoe  coated  of  tits  spring#,  tins  am 
jwsttica  «f  tij©  pointer  staid  not  change  teSMs 
tfeo  fndmmeat  Do  fej^lKoutst,  vertical,  esr  «a 
14»  aSite.  All  moving  systems  tm>  ss^.tel 
with  a  balance  cross  cl  eome  sort,  iM$Js 
carrlos,  in  tiij-o,  balance  r.s%H»  that  am 
wijttstevie  in  their  dleteww  from  to  «5g 
and  which  am  adjusted  in  secern  My  Is  MSa 
the  rrqutred  ten®  balarrte.  Htws  balaffico  cimsw 
©ad  elidhut  vmigiAa  cm.  Iks  »®a  in  Figa. 

3*4,  S-4,  i-7(A),  and  «(B3- 


BaJ.rsica  can  b@  dsoched  by  sfiKfeg  ®» 
ti»Btrees«rt  to  gero  with  its  face  hevteraetM. 
Wfesa  brocghl  Mo  a  vertical  jwdtica,  easy 
material  movemeat  ef  to  jwfefisr  is  fes  ta 
ia*atece.  This  lack  d  perfect  balnswa  to 
called  position  influenco  to  amae  *tSHBias«S8 
and  ia  lunt&Uy  limited  to  the  amass  vale®  as  tin? 
alloualJie  error  for  a  60-<fatgree  tilt  5a  psaseS 
aad  sfsritch»oard  isstataneatet,  la  portsMe  ir«- 
stemsumts,  operated  with  the  face  hortossstoi, 
bislasc*  is  spsclSsd  Sa  term®  of  ailawK&le 
tilt  for  a  dated  error.  Hi ymw&s,  ncstsM* 
todmeaeats  operated  boxisceitally  giesseraSty 
shew  very  small  effects  fc&sd. 
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.Vhter,  50  snierosmpersf  f«ii  seete, 
2S0C  ®5»ms  rosistofise 


Ffj.  3-0.  SSnittExsgo  Gfemactar,  scale  0-SG3 
ehms,  39  c&saa  at  center,  uetsg  9-pooitlca 
saiMbki-jJOte  s®ifcis  lor  rssga  aMm 


A-C  SnetyiuBas?": 


Etor  a-e  power,  ifts  ei'npla  repulsion  Ivon 
was  mechanism  o£  Fig.  S-7  is  very  satis¬ 
factory.  Requiring  afco^  C®  asnpct'e-fejii'ae 
Her  lull-scale  daOccttoc,  tSss  mechanism 
Is  slrjpla  and  ets&'dy.  hs  ehotsu  te  Pig.  8  "’A), 
the  moving  and  feed  toss*  are  ma^.jite 
tXNros  ■srtthla  the  acSivstiog  cedi;  when  the  coll 
la  energised,  both  are  magnetized  with  tea 
game  polarity  aad  will  repel  la  preportiosi  ts 
SSta  current  through  the  cell.  SJcie  that  the 
energy  required  In  tfcs  cell  is  several  hundred 
EallliwTJite,  cmr  a  thousand  times  as  much 
as  In  the  2?M&SC  type.  Damping  lc  obtained  by 
aiiailiayy  means;  for  osasnpls,  by  caaltuaianm 
vana  In  an  air  chamber  or  ia  the  field  <&  s 
shielded  pareianeni  msgwet  assembly. 

Because  the  Iroavaaas  saturate  axagnoilcaJiy 
el  htgh-fte  dcnsltlea,  iaetaniaiiecim  over¬ 
loads  rarely  cause  damage  uni  cm  tb-oy  are 
ddo  to  high  voltage  tocaMag  d*r#n  the  cedi 
insulation.  Prolonged  owrlcod'ng  should  be 
limited  to  only  a  low  times  fuli-scale  value, 
with  2  to  S  watts  beteg  a  top  limit  tar  sus¬ 
tained  toad*. 


Fig.  3-7.  Ts®  tyc-ssf  fid  iron  vans  nssehsnlssaa: 
{A)  KodtM  vans  rs: e*£s*ai «e» —-both  moct-llnslLS' 
mid  sccaitiro  acs&3  nsd  (B)  Conceetrie  vsxj 
mechanism — nUKtorateSy  sensitive,  square  lau*- 
acslo  disrecleristica 
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panel  aisss  weed  in  alrejmft,  Ssce 
'JSR3  inetraosents  are  gesserally  available  ealy 
-5®  &*s  stossinal  68-dagrce  scale  types.  Theg 
ase  used  t« r  indicating  tbs  voltsg®  and  esar- 
®ent  ©xistiag  to  *«e  power  systems?  eiifesrifi 
aircraft  os'-  is  graiasl  eqttipassaL 


I?t)B  vans  aaaiaeters  and  saillifssssssseJsjg  a m 
egzbjeci  to  a  small  frequency  error  £3  Ste 
.  JdgSser  power  freqcsttciee  to  to  eddy  ®sr<= 
E'sat#  feeing  generated  in  the  iron  vanes  tkEta" 
celvee  which  will  products  aa  additional  mag¬ 
netic  reaction  to  that  produced  by  tbs  Eax 
She  mala  eoiL  TMs  effect  tspoa  seearacy  %b 
email,  however,  asd  roughly  of  tbs  order  r£  1 
gercent  at  1000  cycles.  Note  that  the  In'toMws 
cSrap  across  as  ammeter  will  become  large 
a$  the  higher  fraqaencieffl.  For  esampds,  m  §» 
nsssp  ammeter  cl  &3  portable  type,  hssiag  a 
©oil  inductance  of  approximately  G.fflS  r.sia, 
fcas  an  impedance  o i  1.26  ohms  at  &4©30 
cycle e.  Tfes  drop  at  6  amp  ia  than  ®JS§ 
wclte,  requiring  SS  volt- amp  for  full-scale 
(Safloctioa.  Psmol  instruments  snay  rebate© 
CaiM  tMe  amount  off  power.  Tims,  tbs  teas 
warn  ammeter  requires  a  largo  amosaS  o S 
in’ssstivQ  power  at  Kfc  higher  power  fremsmxm 
asd  may  materially  affect  the  circs!  ia 
c^ieh  it  to'  placed  «o  that  for  freqossete® 
rcnch  over  2500  cycles  the  thermo  amsasSeyia 
preferred. 


.  ,Aa  Sroa  vane  voltmeter,  baa’,.  illy  a  jsSM- 
ammeter  in  series  with  appropriate  Impa^ssBe, 
te  subject  not  only  to  the  fre  tucncy  emss- 
fsa  to  eddy  currents  in  the  iron  vanes  tel 
kSao  to  tfso  fact  list  tlva  impoiiancs  rises  «®tli 
fevqueney  so  that  at  the  higher  freqtssai&Mi 
Issss  currant  passes  through  tlw  «c Ssaffitog 
©ail.  With  pure  real  stance  ia  saris®  w8$j  a 
fsormal  coil,  tho  top  Srasquoncy  for  gosva  m~ 
cwacy  ia  limited  to  perhaps  IK)  cydtea 
although  this  varies  with  different  mstag 
different  designs;  tlds  applies  to  owUcfebcrwd, 
panel,  and  portable?  Ixiatrurasats.  The  s-erisso 
fsapedanc®  cm  fee  adjusted  at  tlss  fmgacsEcy 
fes  question  so  that  the  instrument  will  tread 
correctly  at  a  specific  calibrated  freqaswsey 
ted  wills  an  error  at  other  frequ  sneioa. 


Frequency  coKtpfflioation  for  tho  rtoletg  Im¬ 
pedance  characteristic  of  an  a-c  voltmeter 
era  be  as-ranged  an  shown  in  Fig.  S-tHAJ-  {1} 
Ea  p  tho  network  la  arranged  m  tfeai 

os  the  reactance  of  tb3  field  coil  increases 
with  frequency,  the  reactance  of  tho  agsfiec 
ffvaistance  shunted  by  the  capacitance  La  ros 
dssced  in  a  similes  tochion  to  maintain  Bfcera 


iforin  current  in  the  actuating  coti  as  fifes 


frequency  rises.  to  general,  this  arrangeweaft 
will  allow  tor  a  toss-fold  expansion  d  ffes 


fr&quaficy  spaa  which  C3.?s  m  eov«r«<J  fey  cm 
irm  mm  iRetruaient  act  so  compsanated. 
Figure  3 -0(B)  shows  fife®  s-esuita  of  escapes™ 
sating  a  conventional  iron  vase  voltmeter,  (l)§a 
general,  the  top  cosapenBJ^tel  freqoeney  ia 
tosit  2500'  cycles  for  iroa  van®  and  eleetes* 


Where  a  voltmeter  is  ordered  for  at  apecMc 
frequency,  it  is  gtrndird  procedure  to  stsj^ly 
an  instrument  which  will  fe«  within  its  guarmtee 
over  a  frequency  nags  of  from  10  parcel 
below  to  10  percent  above  the  frequency 
specified  and  the  instrument  may  or  may  arA 
include  a  compensation  network  depending 
on  itp  basic  design.  Iroa  '■ram  instruments 
designed  and  adjusted  for  use  oa  60,  400,  and 
OOO  are  listed  ia  the  several  military  speci¬ 
fications;  instrument®  adjusted  for  other  fre¬ 
quencies  up  to  1200  cycles  are  readily  avail¬ 
able. 


Instrument  required  to  measure  correctly 
at  several  different  frequencies  can  wcually 
ba  obtained  on  special  order.  Because  tfesy 
require  a  rather  complex  frequeocy  com- 
poneation  network,  0»ey  are  ganer ally  mrra 
exp msive  than  tostmmesits  adjuat.^d  tor  a 
Bingto  frequency.  Portable  instruments  of 
higher  accuracy  for  ground  vm  or  laboratory 
testing  are  generally  available  covering  broad 
Irsqaaney  Sjtyno, 


o-'WM 

Li\ 

Hew  coil 


VWWW-o 


0  500  iOOO  >500  2000 

FREQUENCY,  CYCLES  PER  SECOND 


Fig.  3-8.  Frequency  compensation  to  a~c 
Instruments:  (A)  Compensatliig  circuit,  (B)  Kr- 
roro  in  6000-oiino  voltinetar  having  0-.4-h  te- 
ductnnca  aixi  compensated  at  various  frequen¬ 
cies;  the  curves  are  marked  wltts  the  parameter 
Sl/R  for  Ui«  compenaaied  frequency. 
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Xnstnssaente  of  to  moving  maguefe  type  £cr 
fi-c  uaa  a?©  mentioned  hare  but  are  rarely 
used  ia  aircraft.  Typified  by  ilia  charging 
isdicatoro  on  automobiles,  they  are  cl  limited 
accuracy,  squire  considerable  energy  ics 
cgwratlea,  asd  as®  justified ceiy  m  iaeapiasiva 
fedieatora 

Bjeetmtyna.mQsgeter,  TMs  type  oi'  mech¬ 
anism  cons! sis  "c?~a“movijag  coll  rotating  in 
the  magnetic  field  produced  by  a  set  of  fixed 
coilg.  Figure  3-9  shows  die  general  structure. 
The  operating  tonjue  tending  to  rotate  tbs 
pointer  against  lb©  control  springs  ie  pro¬ 
portional  to  the  y.roduct  of  the  currents  la 
the  moving  and  fixed  coils.  The  ''-si  im¬ 
portant  U3e  of  the  electro  dynamometer  me  ch¬ 
ant  am  la  ao  a  wattmeter  where  the  mala  cur¬ 
rent  flows  through  the  fixed  coils  directly  and 
a  atnall  current  proportional  to  and  derived 
from  the  voltage  flows  through  the  moving 
coil.  (See  Fig.  3-0).  The  pointer  thuaiadlcates 
the  in-phaae  product  of  the  two,  or  watts. 

Whan  the  field  coils  are  wound  of  fins  wire 
sod  connected  to  a  arias  with  the  moving  cedi 
and  appropriate  cartes  resistance,  analecta©- 
dynamometer  vnjltmetar  results.  It  automat¬ 
ically  indicates  true  rm«  values.  Such  Lnetru- 
masts  In  the  laboratory  typo  of  1/4  percent  of 
Ml-scalo  accuracy,  arc  necessary  for  preci¬ 
sion  calibration  and  tent.  Elactrodynnmoetefer 
voltmeters  mid  wattmeters  may  be  fre«juency- 
conipaneated  in  a  manner  similar  to  iron  vane 
voltmeters.  Ammeters  aro  elmilarly  jaado 
but  usually  with  a  portion  of  the  current  shunted 
around  tho  moving  colL 
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VI5.  3-9.  Electrodynamome  tor  io«ch*ni*m  tlxm- 
lng  hoavy  liaod  coil,  iina  vri ra  moving  coil,  and 
air  -damp  Luj  vs css. 


lastmsaaats  sis  described  rarely  aro  •.■ited 
ts  panel  instruments  to  aircraft,  /-  modified 
ve,.uki0,  containing  irota  lamina  to  strengths® 
to  field  ia  somettmea  used  for  pawier  meas- 
arera eats  to  aircraft  a=e  pswer  ajstams; 
tor  addiag  e£  fposs  t©  the  ft<sM  steectare  ?{> 
dueaE  to  basic  accuracy,  hai?evei?,  cad  the. 
structura  tends  to  fea  Father  ©a  tot  eoiagll- 
cated  side.  Generally,  to  electrodyaaESSUEsier 
typ^  of  aaochanism  i*  limited  to  eae  to  th*. 
laboratery  usd  occasionally  for  gmcsd  and 
field  testing. 

Thermoa-wnetera.  Thee®  ingjtiiiEseist#  are 
employed  to  tho  measurement  of  hlgh-fs«- 
qusney  currents,  gantrally  above  SO©  &e.  They 
consist  essentially  cl  *  d-c  InstromoBt  and  a 
thermoelement  The  tomosJement  to  shewn 
in  Fig.  ■  3-10{A)  and  schematically  to  Fig. 
3-10(8).  The  high-frequency  curruRi  pausing 
through  tfeo  boater  between  to  terminal  midu 
A  and  B  raiess  tho  temperature  of  to  center 
point  S.  Tho  temperature  idea  ci  pofet  S  over 
that  of  to  ismiaala  2®  practically  a  j jure 
function  cl  the  square  ef  tho  serrent  A 
thermocouple  of  two  dissimilar  aaQtaS*,  plati¬ 
num  and  nickel  for  ©sample,  to  wsldad  to  ths 
cantor  point  of  the  boater  and,  feccarae  of  tha 
tempo  rater©  diliexmee  batweom  tho  eeffitor 
point  of  the  floater  ard  the  ends  of  too  ecapl®, 
a  (thermoelectric)  voltage  is  generated  wMcb, 
ifi  proportional  to  thie  tempsisture  difference. 
Thio  voltage  Sa  applied  directly  to  ■&  FMfJC 
mechanism  with  a  full-scale  aeosMMty  of 
about  13  atv  a.nd  to  (scale  is  then  marked  la 
forms  d  the  main  current  through  to  fr.uab5’ 
Althougi'i  to  ccnvarsn.ii  efti clancy  of  thief 
combination  Is  very  poor,  perlisy®  1/10  <sl  i 
percent,  to  power  asoeltivity'  sif  to  d-c 
mechaniem  is  so  high  tot  a  very  estisfactoiy 
hlgh-freqnoncy  auunster  is  possiWo,  tailing 
about  1  wait  for  »  5-amp  full -oc ate  fasjtru- 
mont 


Bscau.cs  of  the  irigia  temperatura  sS  wisich 
tho  heater  operates,  it  must  be  mnde  of  s. 
nobio  metal,  cuch  as  ptetinuin  or  oho  of  it* 
alloya.  Because  tho  temperature  rises  an  tho 
gqus.ro  of  the  cmwoni,  overloads  aredssigorcu* 
and  a  100  percent  overload  la  likely  tocismaga 
to  instrument,  In  spite  cf  this  EmHaticn, 
ibo  tormoaminoter  is  the  only  typo  ®£  direct 
rending  l.nntnunent  mritable  for  r-f  currents 
and  io  used  widely  for  measuring  aniernis 
current  in  radio  equipment  of  all  typed.  Bow- 
over,  even  with  a  tubular  heater,  a*  offered 
by  .come  makers,  to  skin  effect  ci  high 
frequency  currents  comes  into  play  end  si 
100  Me.  such  an  inotranient  may  ba  in  error 
by  5  porconi.  Therefore,  thormoaiaxnatera 
are  not  used  much  above  00  Me.  Tho  time 
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Fig.  3-40.  'iisermesleraont  as  used  in  o  z-f 
ammeter:  (A)  Physical  arrangement  and  (B) 
Schematic  diagram. 


coaoiant  of  the  tboriua!  ccoverters  la  tteoa 
instruments  is  about  0.2  second  and  tbsy  will 
be  damaged  by  heavy  short  pulses  lasting 
tagor  than  a  tow  nsilliaaeoads. 

Thermal  Wattmeter.  Figure  3-11  shows  a 
echo  mistier  arrangement  "/hereby  two  thermo¬ 
elements  with  insulated  tbasmocouplos  can 
'•be  used  to  give  en  ouput  la  millivolts  pro- 
pox-tlonal  to  time  power.  With  more  compli¬ 
cated  circuitry,  thermal  power  converters 
>  are  available  for  both  single  and  polyphae© 
systems  which  are  uned  occasionally  to  glv® 
a  power  indication  on  a  relatively  simple  d-c 
power  instrument. 

If,  at  a  glv  on  Instant,  the  current  from  the 
secondary  of  the  current  transformer  Is  that 
of,  the  plain  arrows,  and  the  direction  of  Use 
currant  In  the  potential  circuit  is  that  of  (Sis 
flagged  arrows,  than  the  heating  effect  at  A 
Is  a  function  of  the  sum  of  these  two  current®, 
and  the  heating  effect  at  B  is  tho  difference. 
Slnco  tho  haafng  effect  ie  proportional  to 
the  square  of  ti  orrenta  involved,  and  since 
the  outputs  at  A  and  B  are  connected  in  op- 
-poaltlon,  the  total  potential  developed  across 
tho  instrument  will  be  the  difference  ci  the 
squared  currents  at  those  two  potn  , 

Rcctlfler-Typo  Inatrucnenta.  Those  tnstru- 
meiiI5~utlUze  copper  oxide  dry-dink  rectl- 
’  fiers  no  that  a  typical  PMtiC  mechanism  c’3 
be  calibrated  to  read  alternating  cur  -  ent.  TM 
rectifier  can  bo  very  email  so  that  at  1  m 
for  example.  It  is  operating  at  good  efficiency. 


peirMpg  90  percent  of  the  optimum.  AltlcougSi 
geinBaaluiB  and  silicon  diodes  are  mere  pep- 
ieg&  current  rectifier®  than  the  copper  eaM* 
tyg©„  their  inherent  resistance  is  higher.  Thug, 
for  bast  efficiency,  as  in  the  VU  meter  aai 
otter  voies-frequaney  monitoring  units,  ceppsr 
ceid®  remains  the  preferred  type.  Figure  3-HS8 
shows  a  typical  copper  oxide  rectifier  unit  as 
uesai  in  measuring  Instrument*. 

Bseause  aS  the  reqsx  .•ament  for  very  *mll 
siaaa  in  thj  rectlfie.  ’isk  to  maintain  reason¬ 
ably  high-current  density,  rectifiers  for  use  3a 
inoirumento  are  usually  considered  a  spe¬ 
cialty  item  and  are  particularly  processed  for 
Mo  ase.  Conventional  rectifiers  of  larger 
sizes  will  usually  show  very  low  efficiency 
when  operated  at  very  low  levels.  Permanence 
of  contact  is  also  a  problem,  and  one  maker 
goM-eputters  both  surfaces  of  small  disks  to 
giva  a  aonosSsiising  contact. 

Figure  $-43  shows  typical  d-c  character, 
is 4 cs  of  small  disks  ae  processed  for  inrire- 
msat  rectifiers;  the  largest  disk  being  rated  at 
B  ma  macditmum,  the  0.13-inch  disk  being 
rated  at  2  ma,  and  tlio  smallest  disk  at  l 
ma.  Such  dit&b  v/ill  stand  fortes  the  rating 
bui  vdil  uaually  toe  either  broken  dtswn  or 
materially  degraded  i  four  time*  their  rated 
currant®. 

Waveform  Errors.  When  an  alternating  volt¬ 
age  os-  cu-oSFTi*  to  be  measured,  the  ef¬ 
fective  or  root- mean-square  (nna)  valtso  Is 
usually  wanted.  This  So  tho  value  needed  ter 
all  power  calculations  and  is  normally  im¬ 
plied  in  a  statement  of  a  given  value  of 
alter  acting  voltage  os-  current  But  if  109 
volt*  ec  oi  good  sine -wave  term,  for  eKcmpie^ 
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I?ig-  3-11.  Schematic  diagram  d 
wattesster. 
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fig.  3 -it.  Typical  copper  oxlfia  torfcSga  recti¬ 
fier  a*  need  in  rectifier  foehn  canti.:  (A) 
Ac3<mib?.y  of  dla'cs,  (B)  Disks  kiU  in  bake- 
fits  housing;,  (C)  Milllammeier,  ©  tfolttneiar, 
anti  (E)  DB  and  VU  circuit*. 

to  rectified  and  applied  to  a  180- volt  d-e 
weter,  the  average  value  eg  M  volts  will 
ha  read  evon  though  the  ms  traloe  ia  still 
100  volto.  Actual  practice  Is  to  adjust  the 
calibration  of  any  rociiller-type  SaatoaBKast 
so  that  the  indication  cc  tbs  wests  is  tfe»  nag 
vahra  of  ass  applied  altoroatisg  crrrmt  or 
Triage;  of  pure  Bine-wav®  torsi,  X?  direct 
csxrsnt  Is  applied  to  a  rectifier  meter 


VOLTAGE, VOLTS  i?£ 

fig.  3-13.  I>-C  characteristics  c£  iestirttiawi.- 
iype  copper  oxitis  rectifiers. 

m 


calibrated,  ft®  stsatStag  tr»3  &s  aheat  Sl.ges*- 
eent  M$?„ 

Asofetr  to  to  ssja«  ecd  psaalt  is 

to  consider  the  rati©  of  direct  current  sad  nas 
alternating  ettrraai  la  ifaa  sstjel  fend  inpsi  to 
a  bridge  rectifier,  aad  the  curve©  of  fig.  3-14  _ 
indicate  the  ajsjsrejaeh  to  a  masdaatssn  .ratio  of 
0.9  #4  the  rated  earrent  levelG.  Not©  also  that 
a  coraewhai  low®r  ratio  applies  at  lower  cer- 
rents.  This  r-iraply  moans  that  s  rectifier-  " 
type  iafitrunseEt  wll!  havo  its  seal©  etraunpsd 
at  tte®  louer  portion  feccaus®  there  Is  not 
a  fixed  prepcrtiSBaMty  bsivreesi  She  tepEt  and 
output.  Tharetae,  the'  most  effieisul  recti¬ 
fier  for  the  easmsat  rattog  of  the  taatamjeot 
ia  giifisitai  cSaHfid  ha  selected  so  that  the 
least  amoBnt  e£  staigs  to  ratio  esilsSs  over 
the  seals  rang*. 


COT! RENT,  m,  AC 


¥13.  3-34,  Kr.iSo  cf  direct  eorrasi  to  rrasal ter- 
iuW.Bg  current  is  taetnuacat-typ©  bridge  rsett- 
liero  at  various  e-e  levels. 


Plotting  to  swsistancs  valises  frees  tfoa 
voltage  and  enrrosti  data  of  Fig.  3-33  shows 
that  the  rociattiBsc®  iacrea*©.©  at  the  lower 
v&luae  of  ctirrexd.  Thus,  for  low- range  vd£- 
laeterfi,  both  tMs  effect  rod  to  affect  of  tbs 
fixed  pro5fv*rM.  ..isllty  of  tfcs  bridge  tc-ada  to 
crimp  ilw  dMalcxa  a i  tb©  low^r  part  of  41:3 
ecale.  Figure  S-S5  shows  two  typical  recti- 
fler-type  instraffiteai  ecales.  The  cramping  oi 
lira  lower  values  m  t!»  1.5- volt  seals  is  due 
primarily  to  tin  lacreaalng  rectifier  raslotanco 
at  thee®  values.  In  tho  case  of  to  l.S-kv 
instrument,  to  easterns!  awansphig  r«Bdcteic® 
«£  to  ontor  sS  %  megohm  m:\ksa  the  rectifies’, 
resistance  cisanga  nt-gliglbla  la  pj-opoailaa  to 
the  total  iiseifftesco  oi  tbs  inxiresasot, 

ffl  tte  wvsfera  lo  distorted,  at  ram  of 
several  percest  to  terms  of  the  ins©  rsa» 
value  saxy  occssv  This  waveform  orsw  is 
essentially  tea  pric®  exacted  in,  rvtarra  for  to 
Wgh  eiilcisacy  assi  atapllclty  si  th*>  reciltlor- 
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Tig.  3-S8.  Typical  scale*  for  hlg!> 
voltr.ge  and  low-voitaga  rectifier 
instrument*. 


typs  Instrument.  Howsvar,  for  a-?  taosssure- 
rnsnta  which  have  random-wave  form,  the 
error  ie  umall  and  the  rectifier  typo  of 
instrument  2s  accepted  for  ail  SBeaBuremsiita 
of  the  level  of  voiee-frcqtieney  circuits.  For 
power  frequencies,  waveforms  are  rarely 
eo  poor  as  to  give  errors  of  mors  than  a  few 
percent  Arranged  an  a  mlUiammeter,  shunted 
and  fed  from  a  current  transformer,  th© 
rectifier  motor  makes  a  fstfrly  satisfactory 
ammeter  although  such  a  combination  i»  loss 
used  than  the  iron  vane  type  mentioned  pre¬ 
viously. 

Temperaturo  Srrora.  &  rectifier  motors 
those  errors  tend  to  Be  large,  since  tompor- 
ature  and  current  density  is  tha  rectlPor 
affect  both  tbs  rectifier  real  stance  and  recti¬ 
fication  efficiency.  It  is  possible  to  partially 
compensate  tha  instrument  for  specific  range*. 
In  general,  however,  temporaturo  effects  or 
rectifier  motors  are  likely  to  to  largo  »4 
temperature  extremes  (below  0  C  and  shore 
50  C),  and  opeclfie  data  ara  seoded  for  those 
temperatures.  Information  on  dry-diri  racti- 
fior'i  may  be  found  In  Chapter  i  os  this 
volume. 

To  Indicate  tha  magnitude  of  the  tempera¬ 
ture  errors  that  may  exist,  such  errors,  as 
they  apply  to  a  typical  160-volt  instrument 
taking  i  rsa  full  scale,  ore  plotted  in  Fig. 
3-16.  Such  an  Instrument  ia  quite  useful  below 
about  40  C;  but  If  operated  above  ouch  n  tore- 
per  a  lure,  considerable  errors  may  devylcp, 
Tomporature  orroro  for  other  range#  will 
follow  different  curve#  bat  will  rstlli  be  large 
at  tha  higher  tomparateras;  and,  ia  general. 


rectifier-type  taetmaamlB  stmid  eat  be  uced 
at  temperatures  above  5©  C  aadahoaSkl  prefer¬ 
ably  not  be  used  above  4®  C  vsktm  She  energy 
tekaa  by  i Eea-vr»9  typer  peefcdeg  thsir 
use,  la  general,  reeitfSer-type  icateusaeuta 
serve  thslr  greatest  «ac$a£aes»  ia  measuring 
a-f  output*  where  the  Mgh  BesaltMty  ami 
moderate  accuracy  best  fit*  t&j  attratScm. 

fVgguga cy  Errors,  ReetSJSer  mater*  have 
relatively  minor  frequency  errors  in  the  power 
frequency  range.  In  the  a~2  one  nsaji 

assume  aa  average  drop  ia  readtog  o£  1  per¬ 
cent  per  thousand  cycles  in  standard  instru¬ 
ments;  frequaacycojapsnmtiHgnetwark*,  how¬ 
ever,  can  be  sajrT  :d  to  eliminate  aliaoat  all 
frequency  errors;  up  to  ICO  liCy,  if  a»2eopKry0 

Otirer  types  of  electrical  raeaacrfcsg  instra- 
xnenta  exist,  »ecij  as  those  operated  <& racily 
by  the  espaastOB  of  a  heated  wire  or  ctrip, 
or  operated  fey  (be  bending  c $  *  heated  bimetal 
strip.  However,  they  are  rarefy  found  Is 
.modona  eloctessite  ©qtdpacssL 

To  summ&xlxe  tha  aaiter  €  ssma:  Th® 
precaution  cited  "mm  it?  that  the  engineer 
should  dotomte®  the  tins©  and  pelMtoy  ehas’- 
acterlstice  cf  tha  voltage  to  bs  saeasured  and 
thou  select  tha  saffiter  most  eajshte  of  meas¬ 
uring  the  vcitaga  witi>  a  miaissra  ct  esmr 
contributed  by  Mao  meter.  The  djseade  circuit 
peculiarities  most  be  rastcited  to  iS*  capabili¬ 
ties  of  the  note:  appropriate  Eictor  to  provide 
the  degree  ol  sseesursmoni  accuracy  rdequais 
to  the  fuactioeuil  seed  for  each  sesssracy. 
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low,  fisd  *Ix> vo  25  C  Ihg  svadbag  is  Siigi. 
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A  second  Important  class  c2  lnitewaasta, 
patio  indicators,  doeo  aot  naea-oure  oieefoicsl 
quantitife*  *43  ouch,  as  in  tiro  ease  in  to# 
mechanisms  discussed  above.  iaotead,  toss# 
instruments  indicate  the  rati©  cS  two  currents^ 
although  the  acalts  itfiffllf  Us  usually  marfeeS 
to  eQBiis  <ottear  tons*. 

The  pennsaent-raagaafc  doal-moring-coil 
ratio  indicator  is  made  in  several  forms,  ots# 
of  which  ia  indicated  to  Fig,  3-17.  The  two 
moving  coils  are  rigidly  sscantod  oe  oppesifa 
sides  of  a  common  asds  and  shot©  in  an  ec¬ 
centric  alrgap.  Current  is  fed  to  the  colls 
through  tea  filaments  which  tore  practically 
no  control  torque.  Whan  connected  as  shoua, 
the  coll  carrying  the  greater  current  moves 
downward  into  a  legs  danse  magnetic  field, 
while  the  coil  with  less  current  move*  into  a 
stronger  field  until  tfca  two  forces  balance.  By 
its  positioa  tha  pointer  thus  indicates  the  cur¬ 
rent  rati©,  which  is  in  turn,  inversely  p;/«~ 
portionaS  to  the  ratio  cl  the  redotance  of  t!;,s 
two  circriia.  The  scale  ie  then  marked  io 
ohms,  or,  if  S  is  a  resistor  bulb,  toe  scale 
may  be  maritad  in  equivalent  tomparfitem, 
(8cj  F%.  3-18,}  Uoing  a  reslator  bulb  cm--> 
talcing  n  length  01  ttickot  wire  havtoij  a  v<>> 
il&t-ar.c©  of  100  ohmn  ui  2ii  C,  taka  tho  ratio 
©f  tho  currant  through  this  bulb  fed  by  3 
nominal  battery  voltago,  to  ths  content  through 
a  fixed  and  temperature-invariant  register 
operated  from  41kj  same  battery.  Since  too 
reoietnnea  of  the  nickel  wire  varies  appro. ri- 
mately  i/3  percent  per  degree  C,  tte  current 
ratio  will  change  with  too  temperature  ol  too 
rotator  iml&-  Quite  satisfactory  temperaftira 
indicators  can  be  made  la  this  way.  They  raay 


?lg-  3-1'?.  Sctomattc  diagram  ot  d-c  dual  coil 
permanent  B3£$nct  ratio  cutter  «ltii  ohreruder 
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bulb 

Fig,  8 -IS.  Ste3i»ior  bwE»  lor  totap  ^uiute 
messareiacol  (top)  and  circuit  tor  fcrea- 
psrstane-  Bj©a«'r»EMeJL 

have  ®rAm  spanatag  sis  Mtfa  as  H&0  C.  Haefo 
inatmwoBts  are  widely  In  aircraft  for 
moamsrysacrst  c£  nmhleat  sir  temperature^ 
oil  toia.if€<rs.tur@,  ami  intala;  temperature. 

Otfwr  fonrs  of  dual  Eicwfeg-coSS  isntns- 
raeniB  also  are  mp.da  but  to®  essential,  prin¬ 
ciple  ie  tfea  earn. 3:  that  is,  tins  coeapoaito 
call  etructure  m-ovoe  to  a  pototi&n  wfcaro  two 
torques  baisuca.  The  udrautag®  ol  iba  rati© 
raster  io  that  it  will  operate  correctly  aa-3 
indicate  a  resistance  rail©  practically  la- 
dopendeti  at  the  valu-a  of  fc>  battery  wltajo, 
Ontinarily,  battery  voltaga  vsstettca  of  aosn© 
SO  porceit  stwe  or  bo  low  its  *,  jcsinal  vnits® 
is  epscifledl 

A  vcrlatioa  of  this  typo  ol  mochamsia  tor 
a-c  use  is  obtained  whan  the  magnetic  fieM 
is  produced  by  a  coll  clmchure  similar  to  tlsat 
c i  the  elecirodyniuj'.omcter.  Hare  fhs  two 
moving  coil®  are  usually  crossed  with  raapoct 
to  each  other.  Such  gtructure*  are  mainly 
uoed  sst  poriar-factar  or  phaso  Indicator*  in 
power  pli'-r:?.  control  boards  or  in  laboratory 
tasting,  and  do  not  appear  cs  panel  inctm- 
monta  in  norioa},  inctmBceiaiJcn. 
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Another  type  h?  d~c  rsti©  molar  ®3 &&  t &  a 
limited  estcnt  tor  temperature  Indicators  to- 
volves  ft, .  pairs  of  crossed  field  cells  aa3  » 
rotating  iron  vans.  The  colt  iron  vans,  or  a 
abort  pemaneat  magnet,  'frill  alia©  iteaki  *5% 
the  resultant  of  the  two  holds  produced  by  (S» 
coils  so  that,  la  essence,  this  structure  again 
is  aa  Indicator  of  the  ratio  of  tm>  olectaic 
currents.  Figure  8-19  abcriygtMa  construction, 
S-nce  the  strength  of  tbs  field  produced  by 
the  colla  is  only  moderate,  it  is  most  im¬ 
portant  that  this  type  of  mechanism  be  well 
shielded.  Frequently  a  Pemailoy  or  Mumetal 
cup !«  used, 

Frequsaey  Mlcaicr® 


Using  the  soft  iron  ran©  with  t fen  ssnssssd 
field  colic,  aa  a-c  ratio  metar  soiaettosaa  is 
used  as  a  frequency  indicator.  If  one  cf  tha 
coils  is  connected  to  the  a-c  lino  thrash  a 
capacitor  and  tlia  other  through  an  Inductor, 
the  ratio  of  the  curve  ate  through  ihs  tea  coil© 
will  ba  a  function  of  frequency.  Thus,  Ms 
type  of  instrument  can  have  Its  scale  marked 
in  cycles  par  second  and  for  us  on  a  important 
typo  of  frequency  motor.  Sea  Fig.  3-20, 

la  Fig.  8-20  find  also  for  a  frequency  meter 
Staving  a  range  of  50-60-94  cycles  at  100  12-3 
vc.Ua,  ilia  capacitor  used  is  3.3  rof  and  the 
Inductanco  ia  admit  4  henry  a.  Ths  inductance 
ie  an  Iron-cored  choke  with  an  adjustable 
air  gap  allowing  for  como  adjustment  each 
aide  ox  t ha  nominal  4- henry  value,  for  ob¬ 
taining  the  balance  required  to  produce  tlrj 
wanted  scale.  This  circuit  is  rescastat  f.Z 
approximately  42  cycles.  For  other  frequency 
spans  dlf/sreivt  eotnblnatloofl  of  coll  windings, 
inductance,  capacity,  and  resistance  are  used 
to  obtain  the  desired  seals  distribution, 

Ths  type  of  frequency  motor  nioatieaad 
above  la  largely  confined  to  switchboard  and 
laboratory  portable  instrument.  Another  type 
of  frequency  meter  uses  a  group  of  vibrating 
reeds’  oxcitecl  by  an  adjacent  electromagnet 
connected  to  tbc  Line,  Bach  rood  Is  tuned  to 
a  different  frequency;  lor  example,  for  gm 
at  00  cycles  a  group  of  seven  reeds  tatted 
to  57,  68,  59,  60,  81,  62,  and  03  cycleo  might 
be  employed.  Ttsa  reed  la  tano  with  the  lias 
frequency  wil  1  vibrato  with  considerable  ampli¬ 
tude,  while  Immediately  adjacent  reeds  will 
vibrato  perhaps  half  m  much.  With  the  end 
of  the  reed  painted  white  and  vislblo  through 
tho  instrument  window,  a  long  ll.n#  la  Indi¬ 
cated  at  60  cycles,  a  medium  line  Et  59  and 
01  cycloa.  The  remaining  roods  arc  practically 
stationary.  Similarly,  at  400  cycles  reeds 
may  bo  tuned  every  2  or  5  cycles  each  side 


Fig.  3-19.  Crosasd  eol!  .roa  van* 
rets®  metsr. 


of  tfca  nosatoal  400-cycla  mark.  'Prmkisd 
tha  reed  material  1b  cl  goc-d  quality,  not  ovor- 
Streeasd,  and  will  not  crystallise  and  fall  in 
cso,  tfeo  rood -type  frequamey  meter  la  very 
ueefu!  and  cm  ha  i.,ade  ta  muni!  sis  os  for 
panel  aad  aircraft  ess.  (See  Fig.  3-21.)  How¬ 
ever,  any  mechanical  vibraticr  picked  up  by 
tlia  inetraraent  which  happens  to  be  of  ihs 
earns  iretjuattey  as  ono  c l  the  rustle  will  cause 
that  reed  to  vibrate  and  may  give  .»  false 
indlcatic®. 

Another  frequency  arrange a  ent  1  a  dl ec  ugsed 
tinder  accessories  Clio  consists  essentially 
at  «  standard  PMMC  instrument  actuated  by 
an  externa’,  combination  cd  reactors  and  r®» 
M^vOra.  Ths  actuating  mechanism  however, 
is  the  airnpio  d-c  type-. 


Fig.  3-SO.  Crossed  coll  frequency  mstor.  Cos 
of  the  coils  1*  connected  to  ths  s-c  line  thiou^fe 
a  cspacltur  i md  the  oth-sr  roll  through  ft# 
irutecter. 
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i'lg.  3-21.  Vibrating  reed  irequancp 
meter.  (James  0,  teiifla  Csxj 


Magnettead  Vana  Mselsartajs 


This  typa  of  tncchauiota  la  hart  repressssted 
by  tha  charga-dtocharge  iadicaio?  in  aa  atto¬ 
rn  obit  o  instrument  pan®!  and  consists  ©i  a 
pivoted  staff  carrying  a  pointer  and  as  o-toj- 
gated  Iron  vans  to  tha  Eaagnottc  QoM  c£  s& 
adjacent  peraanont  magnet.  A  coil  of  islra 
surrounds  tha  vnna.  Curraut  through  ifcs  rci! 
distorts  the  field  of  tfes  pormnnent  mrgact 
causing  the  vane,  ataff,  and  polntar  to  rotate 
proportional  to  tfco  carrel.  Presently  avail¬ 
able  instruments  require  some  30  to  £3 
amporo-turns  tor  full-scalo  ctefioctioo,  abort 
1000  times  that  required  in  a  mo'.’!;r,;  coll 
instrument,  and  dra?/s  about  a  wait  full  /jeaA-3, 
as  against  a  few  microwatts  for  tbs  moving 
coll  type.  The  accuracy  la  only  moderate  os 
hysteresis  or  magnetic  h.g  in  the  moving  vans 
Is  usually  evident,  causing  errors  ci  covejraS 
percent;  such  errors  are  set  evident  to  moving 
ceil  instruments. 

Because  of  tha  relatively  large  arnccr#  <d 
power  r tend  red  arid  only  EMtorato  accuracy, 
Iren  vane  d-c  mechanisms  in  military  eqrfv  - 
merit  arc  generally  confined  to  simple  iadi- 
cators  as  disc  eased  In  the  norf  section. 

Position  or  Function  Indicator* 


The  PMMC  version  of  these  device  a  lg 
essentially  a  stripped  n&sombly  which  may 
use  a  aim  pin  core  magnet  with  an  enclosing 
lroa  structure  serving  aleo  as  the  race  bant  era 
frame.  Intended  only  to  lcrScate  tlie  progeace 
of  current,  such  luochanionio  find  wide  us*  an 
Indicators  cf  circuit  polarity  and,  In  aircraft 
-nvlgational  instruments,  operating  waning 
Ilags  or  as  simple  OFF -ON  indicators. 


Iroa  yuno  indieaiora  kts  seed  at  timos  for 
rfjatlsr  purposes,  wtare  the  mortng  syst am 
earrteg  an  iron  vane  end  is  controlled  fey  a 
cpring  or  fey  an  auxiliary  magnet  Currsal 
ferougfe  an  adjacent  ©oil  ino?ea  tfe®  pointer 
..  dels  estvss  to  indicate  a  fn<  Hon.  The  laov- 
5cg  vee®  also  may  be  a  magnet  itself,  lir.&fi 
cp  with  aa  external  sajignei. 

hil  si  those  position  or  taction  indicator® 
are  measuring  instruments  to  a  limited  cones. 
Because  tfeg  requirenesat  is  for  an  accurccy 
cf  perhaps  20  to  50  percent,  they  are  tac 
simplified  to  be  considered  to  th©  category 
el  measuring  instruments  as  cadi 

GENERAL  APPLICATION 

1e  tbs  application  d  electrical  measuring 
testramojite  to  a  circuit,  the  question  arisen 
a i  to  wiietcsr  tha  tosteumeat  is  InflusBeisg 
circuit  performance.  In  ganorai,  ensrgy  ta&ee 
fey  too  lnstromiml  efeeuld  be  logs  than  1  per¬ 
cent  of  this  total  circuit  asergy  for  reag&n&fel* 
accuracy  of  moasiutmaentclcimiUeondltiocs. 
Thus,  to  a  tub-3  circuit  shore  si»  plato  draw® 
10  as,  the  vaUmotar  should  draw  less  tfeaa 
0.1  ma  or  have  a  rosIetan.ce  at  least  ©.o  high 
ss  10,000  eferao  par  volt  full  scale.  VaU- 
inetor  redstanco  of  20,000  ohms  par  volt  is 
afeoiK  the  sa&jdTOum  in  common  use,  and  wixild 
bo  perfectly  safe  ^hero  s  pli  te  circuit  drag's 
5  ras  or  mos-o.  H  the  plate  circuit  draws  less 
than  this,  plate  current  should  be  ©bse-ved  to 
deie.rmlas  If  there  le  material  drop  la  the 
piaio  current  when  too  voltnsutor  cc-ncecUoa 
is  racds.  Tbsi'e  Is  some  ssa.i<$\y  factor  since 
the  soarca  reoistaoco  3  a  only  a  part  of  toe 
total  cnargy  leg*. 

la  general,  current-measunog  Lmirumessts 
torn*  a  drop  of  leas  Uma  60  mv  for  d-c  1b- 
s?mnj.'mts  arid  are  used  in  circuits  of  crer 
5  welts.  When  used  to  very  low-voltage  cir¬ 
cuits  (i.-a.,  to  a  circuit  supplied  by  a  stogie 
diy  ccli),  tbo  drop  through  an  ammeter  or 
saiUiamnietor  at  full  ecal»  may  be  as  mucS 
a> s  S  parceri  of  ih-j  total  and  msy,  in  Usm, 
reduce  the  current  taken  by  tbs  device  to 
to’cstloa  by  this  smorni.  Thus,  the  curroot- 
measartog  Instrument  actually  nioa*uros  a 
lower  value  thn.n  tixmld  oilet  without  the  to- 
etnanoct  la  circuit  FrequwiUy,  tetter  re.cults 
will  be  obtalnod  in  test  work  by  using  a  higher 
range  ammeter  of  lower  realolsmco,  o rex 
though  the  reading  1*  we'll  dowu  tho  scale. 

H  toctrumcnts  aro  applied  as  a  pornumer-d 
part  of  the  circuitry,  whatever  energy  they 
tsha  1*  considered  a  part  oi  tha  circuit  net¬ 
work  sed  thay  will  read  the  tec*  current  £»d 
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•voltage  axSiitfc.j  r.»  long  as  they  aro  con¬ 
nected  It  -  i£j  geod  practice  to  Indicate  iha 
total  voltmeter  resistance  in  a  circuit  diagram 
showing  a  rollEseter  since  it  la  actually  a 
part  of  ths  network,  and  ihic  Pill  alisK?  for 
more  complete  circuit  analysis.  At  radio 
frequency,  some  care  ia  needed  in  Introducing 
a  thermoammeter  Into  »  circuit,  particularly 
at  frequencieo  above  50  Me.  The  actual  cir¬ 
cuit  contour  may  be  changed  by  the  intro¬ 
duction  of  the  instrasaent;  the  smallest  instru¬ 
ment  is  frequently  the  beat  because  it  adds  % 
lesser  value  of  increased  circuit  length  and 
distributed  ccpacttaaca. 

A  voitmato?  caa  he  considered  simply  as 
a  shunt  rssloior;  sa  ammeter  as  z  aeries 
resistor  added  to  tie  network.  Their  effects 
can  Irsquently  be  evaluated  in  thoee  terms. 

Rectifies''  raster*  Issictioa  basically  because 
the  recttfici  is  a  ccslinaar  resistance  varying 
with  ths  cur  rout  through  it  and  a  rectifier 
voltmeter  which  draws  a  substantial  portion 
ol  the  Hue  ctirruES  s&ay  well  adA  a  modulation 
component  to  the  Lice.  Thao,  tho  VII  meter 
with  Its  u.'ni  r^slsUnce  of  7500  ohms  is  23 
times  the  i.«s-lsicacc  of  tho  tins  and  load 
resistance  c<i  GOO  duns  each.  In  parallel, 
amounting  to  S00  ofcai*.  This  value  was  se¬ 
lected  as  a  compromise  which  was  low  enough 
In  energy  abstracted,  4  percent,  to  make  the 
modulation  cosapoeests  negligible  and  still 
high  enough  for  adequate  opo ration  ol  ihs 
instrum  cut. 

In  test  measeressents  est  low-power  ap¬ 
paratus,  the  energy  required  by  the  added 
test  Instrument!)  atway*  mu«rt  be  carefully 
considered.  Vacs«*a  tube  voltmeters  which 
draw  virtually  ao  onerg y  caa  be  used,  although 
tho  m eanurerufflita  arc  less  accurate  than 
those  q{  lusUrt'urststB  which  are  cii  roct  reading. 

In  general,  corm.il  analysis  of  the  circuit 
or  pi  no?  of  gear  under  tor!  will  disclose 
whether  a  majo-r  or  a  mluor  !  n  strum  ent- 
i  m  pc  dance  effect  exists.  Modifications  of  tho 
test  procedure  era  tbea  b-s  arranged  if  deemed 
lmpoHanC 

Instrument  Aecesse&rui® 

A  much  wider  raagu  of  measure  most  than 
can  possibly  ixs  eaccen paused  by  instrument 
mechanism*  themarlre:',  or  with  such  items 
as  could  be  Included  t:i  tiro  Instrument  cans, 
1»  made  possible  by  varitvr  aecf'ssoria.B 
described  below. 


External  shunts  ai«  ussd  for  direct  cummtg 
greater  than  20  to  40  amp.  Specificafica  ££tt»~ 
10304  for  ruggedised  ammeter®  calls  for 
extern al  shunts  for  ranges  c3  20  amp  sad 
higher.  Essentially  tosr-valu*  resistors,  they 
arc  made  by  soldering  or  brazing  atrlps  ctf 
manganln  into  heavy  hrasc  terminal  bloclts. 
Theee  blocks  serve  to  distribute  the  earresi 
into  ths  geveral  blades  of  manganln  resteiane© 
material  in  a  uniform  manner  as  Is  necessary 
for  accurate  results-  They  also  serve  is  con¬ 
vey  the  heat  losses  la  tha  shunt  bLadt:j  back 
through  the  connecting  cables  or  bus  hairs. 
From  these  blocks,  the  shunt  leads  carry  ths 
millivolt  drop  to  tho  indicating  millivolt- 
meter. 

Manganln,  an  alloy  of  copper,  atekcS  and 
manganese,  Is  used  because  it  does  no!  change 
in  r^=d stance  udth  temperature  varlatioa,  ror 
deep  a  manganin-copper  junction  generate  any 
voltage  when  heated.  Shunts  oi  high  accuracy, 
used  in  tho  laboratory  or  for  the  ccstucJ  ol 
an  Industrial  power  pJast,  tend  to  bo  laryjs  and 

bulky.  For  military requlrementc  where  weight 
Is  most  important,  a  drolled  design  baa  beon 
standard!.'.: set  and  Is  described  in  MIL-S-31A. 
(See  Fig.  3-23  and  Table  3-2.)  Because  oi  ths 
restricted  contact  area  for  coonectioa  to  ths 
coaductora,  these  shoal*  can  be  adjr-rfed  only 
to  »  h  m  lied  accuracy  and  tho  refereaced 
specification  calls  for  the  voltage  drop  at 
rated  current  to  be  59  *0.3  mv.  In  the  instal¬ 
lation  of  such  hi'  rrvcct  ohunta  (Type  MSA 
30-160  amp;  fc  -iB-600  amp;  1*SC  ©DO- 
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Tattle  3-2-~80-iav  &;is?ra®esit  Shacts 
Available  Valves,  §SIL-g-j?i& 

.  (Saa  m&  3-22.} 
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(  Type 

doeSgasiioa 

Ca tsv-tiI  rstteg  S 

(ninyeroo) 

E?3B?7S 

1®  1 

B5SB2at 

£03  J 

EiSB83S 

£1®  i 

ftjssm 

SC® 

mmit 

480 

(  MSE4SS 

469 

P.3SBg®3 

588 

S13SBS88 
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Available  Valur-e  ft® 


ESC 


Tysw 

(feDlgnaitas 


M8CKH 

M3C303 

MSC123 


CojTOfiJ  ratlcj 
(UuSpiMW) 


f'03 

2WD 

use© 


it  is  necajr'wy  that  saj 

Stan  contact  be  mads  with  tbs  cwrresst-caKy- 
tag  conductor  by  firmly  tightening  the  ec-a- 
scctlng  bote.  Tills  v/ili  not  only  improve  ifee 
sccaracy  but  St  le  important  to  remember  ihsi 
fllta  pC’wor  dissipated  lr  fho  shunt,  5  mzikH  $&g- 
MO  ampr  leaves  almost  entirely  by  condaeiiaa 
to  tfes  Mocks  and  bnrfc  through  tbs  cHiin  cur¬ 
rent-carrying  condut.^r.  No  aiumt  will  cvsr- 
haai  if  the  connections  &:  adequate  is  cjtoss 
section  and  contact  area. 

gorlea  Reclstorg.  For  potentials  over  tha 
■value  that  can  ob  accommodated  la  the  Inotrs- 
mont  proper,  asternal  oorleo  resistors  an? 
required.  AlUraugh  in  special  inntanceo  spools 
and  other  types  ol  fixed  resistors  may  to 
sasbd  5a  a»ecmoled  equipment,  for  high  po¬ 
tentials  ferrule-terminal  resistors  per  S/.S1- 
H-29,  are  used.  {See  Fig.  3-23  and  Table 
3-3.)  These  ninlstore  vary  In  laisgth  d^4^ssd- 
tog  upon  the  applied  voltage;  nearly  10  laches 


long  te  a  range  of  6  &v. 

Mvq  a  rsfistance  of  1C00  cSsms  g£?  ■ 
to  6  KiegciuMfl)  for  me  with  IbeSsoticbIb  5sav-» 
tog  a  fail-scale  sensitivity  of  1  eaa,  wltli  tto 
e-sale  siar&ed  ia  ths  ^©liageeffiltsoeEBtslaatte- 
The  femsle  ends  of  too©  resSdors  arc  SioM 
to  InraiSated  clampp  stellar  6q  tafcsslaj’  feso 
clips  ©)r  fits  equivalent.  14  sSajeld  fee  etressed 
that  tiie  ellps  must  be  adeqsstely  iBS'ciated 
sot  only  for  breakdown  feat  to  eSSasainaio  assy 
loaki^e  sarrento  which  might  parallel  tho 
current  through  the  rerietos*.  TWjob  teeJefi 
at  the  TOltage  in  ues,  the  Sss&agtf  reststaas® 
should  ho  greater  than  1000  cxegtdaao  par 
1000  volts  raMng  of  the  reciet©r„ 

Therg*-  ^elementa.  Already  clseuBSOif  asid 
illustrated  (see  Fig.  3-10)  saidter  the  subject 
of  therasgasameterfl,  a tfeemoslament  maybe 
suTH)lled  aa  an  ©jdernal  accessr  ry  and  placed 
directly  Sa  the  Mgh-frequeccy  nssTent  cir¬ 
cuit  Short  leads,  preferably  a  raided  pair,  ■ 
then  coaneet  the  output  ci  the  tenonoalesaCKi 
to  the  tostrtssaeat  with  which  it  is  associated. 
Ueuaily  the  instrument  and  tlis?,T-::inoleffi£Sit  r.r© 
calibrated  together  for  opeclfis  l&y&a  or  ion  a 
fipsclfie  lead  resistance, 

TbemaoJenjcnts  of  ttea  TOsmaa  typo  aro 
also  cujppUod  for  radio  frequency  currents 
below  i/2  smp  down  to  as  low  as  10  aaa.  They 
ar>3  contained  in  a  email  glass  &sa>  and  tfeir 
officioncy  Jo  relatively  high,  Vscasm  thorjao* 
ole  meets  aro  gupphcd  either  qamoonted  or 
In  vavkuv?  mounting  forms.  Figaro  3-24  shows 
ait,  vsmne&ated  eioiaent  of  thlfd  typo. 

Tlwwfi  TTtt  Converter. TMsdovics, sS»wn 
iii  ~JTg,  3Ti„  is  frequently  sapjdled  fto  a 
separate  accecsory  for  use  with  n  d-c  mini- 
voltmeter  and  may  tabs  a  variety  of  forma, 
Occasion  tally  designed  for  apjaficatloa  in  a 
potted  container,  14  may  be  plaoed  adjacent  to 
the  a-e  poe'er  distribution  cosier  wtth  a 
twisted  pair  running  to  tho  d-c  tr>  .txnment. 

Instrument  fiocti flora.  T>  ::3e  have  boea 
discuaeecf  bclorf)  imclor  rectifier  lastnwnonte. 
They  aro  occaslonaliy  fumlaio'-.i  as  separate 
accessories,  mounted  or  unmounted.  Made  ia 
wide  variety,  they  must  neccacBirlly  b-s  cali¬ 
brated  vrtifi  the  in  -'umentd  to  which  they  ars 
conneried.  if  tivc  application  ia  inaportant,  It 
in  possible  to  standardize  the  input  and  output 
values  to  ha  intorctongeabla  with  in.'?!  rum  onto 
calibrated  to  "-H-i-lflc  v:d)ios. 

lnstrtunent  Troneformerfl.  Tboso  are  im¬ 
portant  "accpoeorlcs  in  a-c  po?yor  .uooaouf*- 
ment  because  they  are  relatively  sso&UarJyefc 
perform  with  hlgfi  accuracy,  ia  esscacP,  tn- 
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Kg.  3-83.  HijjSii-iroUago.  fesrrs!3-S$xs>  tsnalaal  ostoraal  racfeJ/  realstc-s 
typas,  JAN-n-Sa  Eoo  little  3*3. 


gtrwsBCEl  tran£‘i«jQiSf0  deliver  ea  oaigsi  ttai 
io  a  redesed  br/i  posieel  replica  <sl  titaorl^aal 
higli  eusTeat  or  vc'itego.  Placed  gdjsscsi  te^, 
or  la  tko  circuit  of,  tfee  high  cranwi  o?  vent¬ 
age,  esuaii  wires  a£  UgM  wzlg&A  canty  fee 


emmdary  replica  values  6o  tfea  measwriag 

tatnujiauia. 

Potential  Tranctforiaors.  PcteKtial  teas- 
feasors  are  eo!’  vary  SBKereai  teas  ssaaffi 


Tablo  2-3  -  -  Iferrete-Type  TarnjlC'Si 

Estersal  a&ter  Esstetcv  I’yFoe.  /AN-S-SS. 
{&*?  Pig.  3-58.) 
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Fig.  3-24.  ifacuun.  fissrsaealemeni  *•**> 
few  y-S  currants. 

eiep-doce  transformers  except  that  to  tarn 
ratio  io  accurately  r.-’lcated  and  special  care 
is  takes  te  see  that  the  ires  losses  are  low. 
Except  is  special  devices,  vary  few  potential 
transformers  will  l>s  needed  where  to  power 
potential  is  lass  than  609  volts. 

Current  Transfomora.  With  these  asce&* 
oories,  it  is  unnecescary  to  run  cables  carry¬ 
ing  tha  tali  power  currant  to  measuring  in- 
otranenta.  Figure  3 -25{A)  shows  a  typical  air¬ 
craft  current  tronero rarer  of  tho  doughnut  or 
''through"  type.  The  roain  power  cable  passes 
through  to  opening  c&  Via  iraoeiormor  form¬ 
ing  a  single  tura  effectively,  Whoa  an  instx-e- 
moat  is  connected  to  tha  small  terminals  at  to 
aida  it  will  recelvo,  for  oscacuplG,  1/125  at  the 
main  poser  current,  from  very  small  valuasi 
to  tha  full  rating,  Bay  250  amp.  Thus,  a  cur¬ 
rent  cf  or  'y  2  amp  flows  into  the  instru¬ 
ment  nufi  relatively  small  lead  wires  cl 
almost  aay  type  can  bo  ussd.  The  illustrated 
current  tranafornips*  la  defrign-ad  for  400- 
cycle  service  as  u»sd  io  aircraft,  for  example,, 
and  weighs  only  a  few  ounces.  It  Is,  of  c euros, 
oatiofactary  for  any  military  uso  at  that 
frequency.  Similar  current  tranfiorraera  fox 
50-  to  70-cyc!o  military  eo twice  arc  scae- 
what  larger,  weighing  from  3  to  10  ounces. 
Any  cf  these  will  furnloh  iho  Gscoadary  cur¬ 
rent  to  several  instrumentc  If  deedred,  tha 
number  depending  on  the  total  iull-scalopovfor 
In  volt-am  pores  required,  by  tits  several  la- 
drum  cata. 

When  alternating  currant  from  a  povrer 
source  passes  through  tho  primary  of  a  cur¬ 
rent  transformer,  whether  U  ia  a  winding  or  a 
single-turn  loop,  tha  transformer  Iron  id 
m  vgnetirud,  and  power  is  absorbed  from  tho 
primary  and  effectively  transferred  to  the 
secondary.  (Sec  Fig.  3-25(B).)  A  current  in 
proportion  to  the  primary  c  torrent  flows  through 
the  secondary  winding  and  tho  Instruments 
connected  to  It,  or  through  tho  winding  alone 
if  short  circuited,  if  tho  {secondary  la  left 


®p$u,  fa/zj&rer,  to  valtego  across  its  tar®!- 
aals  may  tie©  to  levels  dangerous  to  bolls 
the  operator  aettS  to  tou&formor  iaeulatioa. 
Thus,  current  transformer  seecadafiea  aracS 
ba  kept  closed,  eltfear  fey  connected  tested 
mania  or  by  a  ehert  ctosMag  wl rej. 

Temperature  MeEgurorasat  Thareaceoapiaa. 
These  may  bs  considsrod  ao  an  iRfifenueaS 
accessory.  Made  to  various  .forms  to  suit 
particular  spoil  catlcao,  toy  oendfit  oosanffl- 
elly  of  two  wires  cf  dtcntaHar  metals  waMed 
togatlisr  at  to  list  end.  Tbs  most  cosaais® 
m. ©tale  used  &r©  to  to  mckol  alloy  family 
such  m  sdckel-c.Iutmiraaj  for  oae  wire  sm$ 
nickel-alunaimuB  for  the  other,  fonateg  to 
commercial  chrosael-alusnel  thermocouple, 
which  can  be  used  to  as  high  as  2500  F  wife 
only  limited  oxidation.  Iron-con  stanfaa  £ov 
use  up  to  1800  ¥,  and  ccppar-coasfcatea  for 
up  to  m  F  are  also  recognised  comblaaMea®. 


A 
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Fig.  3-25.  (A)  CxirretU  transformer  for  <fS0~ 
cycln  uci  and  (3)  Primary  and  nscoisrtiry 
windings  of  corner:!  trsncfornier  .Viovtn^;  to\v 
ratio  oi  IrmaJoyi'anUon  la  chfalnsd. 
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It  arwisi  Ba  rscsgate®!  that  millivolt  output 
Sw  a  tlsersiocouplo  is  a  taction  of  ths  dif- 
fereKce  to  teEapsE'afespe  bates-six  -  the  hot  and 
©aid  os?ds  of  ths  alloy  wires  involved.  For  this 
raasroa,  tfea  alloy  itoi£?  or  wiraa  of  similar 
ttaraoeiectee  efearastssiatieffl,  asa/st  h@  car¬ 
ried  back  to  to  fcsiicaiiBg  Instrument  which, 
to  tura,  usually  carries  a  special  compensating 
means  for  adjusting  to  pointer  position  to 
tea  ambient  tsmparatm’o  Indicated  oa  the 
ecals.  The  output  of  a  tSierajocoapl®  is  limited 
to  10  to  40  1EV  depsEtltog  os  the  alloy  and  the 
temperature  of  the  b.ol  ©ruL  As  a  result  large 
wires  are  dadraMo  in  both  thermocouple  and 
connecting  loads  to  reduce  the  circuit  resis¬ 
tance  and  allow  adequate  energy  to  reach  the 
indicating  instrument.  A  common  military  type 
ef  indicating  instrument,  used  with  the  chro- 
meJ-alumel  couple  aientioaed  above,  is  ad¬ 
justed  to  41.8  mv  Ml  scale  with  the  cold 
©ad  at  0  C.  Volt  ago  drop  to  the  leado  and  a 
iilgh-3i‘  teiapsratnra  fox-  tha  cold  end  reduces 
this  value,  and  n  complete  statement  of  all 
fcciore  is  required  for  appropriate  calibration 
e<i  the  instrument  A  combination  of  a  thermo¬ 
couple  and  an  inoirument  io  known  a®  a 
tharmccouplo  pyrometer  or  tiiermometor.  la 
spite  of  the  low  amount  cf  energy  available, 
ths  device  is  sacsd  useful  and  quit©  accurst o> 

Resistor  Bulb.  An  otomsni  a?  a  resistance 
thermometer,  this  d«mc<8  is  essentially  a 
length  cf  very  pure  aickoi,  platinum,  or 
* .  copper  wix-o  with  n  known  taniparaturo  cc~ 
officiant  cd  s-esisinneo.  in  nii-crnft,  the  ma¬ 
jority  of  r.isiatoy  bulbs  are  made  with  a 
»  rtichal  wire  elemont  having  a  small  amount 
of  Constantsa  wire  in  series  for  adjust  moot. 
A  standard  form  cd  military  re  a  i  a  tor  bulb 
which  has  a  real Ht&nci*  of  100  ohms  at  ItC-  C 
to  128.85  o-h.ro .  a!  .‘CO  C  is  shown  in  Fig. 

s-ia. 


with  moderate  slssages  in  battery  pctes&lal,. 
This  arrangement  io  widely  used  is  aircraft 
and  to  0omo  degree  I®  any  sailitary  applies- 
ttoao. 

’Ttehemeter  Goa-sratoh  Tito  ip,  mcQssr 
IsKporSmi  accessory  used  for  to 
snout  o!  rot&tioesal  speed,  The  d-e  versions 
is  essentially'  a  email  generator  having  a. 
permanent  magnet  9eM.  Equips  with  si 
commutator  cd  silver  or  gold  alloy  to  prevsai 
oxidation,  and  with  spring- supported  metal 
alloy  brushes,  the  output  voltage  fcearo  r  fixe# 
relation  to  rotational  speed  of  tha  annate®. 
The  unit  shown  in  Fig.  8-26  generates  6 
volts  per  1008  rpm  and  may  be  used  with  ,®y 
appropriate  d~c  instrument  which  can  foava  s- 
scale  marked  to  rpm.  Aa  a-c  typs  i®  alws 
mads,  usually  with  toed  coil®  and  s  rotating 
magnet.  Again,  the  output  voltage  is  pro¬ 
portions'!  to  rotational  epaed,  and  ss  is  to 
frequency.  Having  no  brushes,  the  life  la 
oomowhnt  longer;  the  accuracy,  however,  ie 
somewhat  less  slues  the  generator  must  tea 
used  with  an  a-c  iaetruroont,  frapontly  of  iis* 
recWier  ty j®. 

Tcchomotor  ganerstors  are  feupplied  Scr 
several  types  ci  mounting  and  coupling  to  to 
main  shaft,  ilacluding  to  8AE  Btaxidard  coujj- 
llng  shown  in  tbs  figures  They  may  also  he 
drivao  by  goara  «-:•  belts. 

A  briof  x’af®r«jac3  is  mf-d-a  feox'o  to  smotor 
type  of  sleciricsl  rctary  speed  indicator, 
which  does  ttoft  me  an  instra.nest  as  such  hot 
rathsr  in vo Kwh  a  polyphase  generator  coupled 
to  tho  main  shaft,  Thin  genarator  dslvoo  a 
email  nynchrwr-aus  motor  at  to  resseto  polaf^ 
through  a  three- wire  cc-meciica.  Tha  syn¬ 
chronous  motor  in  tuna  drives  &  u-poed  indi¬ 
cator  (0po«do.n4?tar)  of  the  drag  lypa  usefi 


A  simple  circuit  for  a  resistances  themo- 
OMter  is  (town  in  Fig.  3-18.  A  Vaeiator 
bulb  forma  ono  arm  of.  a  Wheats!  •©:«  bridge 
sad,  if  haUcc^ii  at  0  C,  for  esampia,  tho  r.eso 
yooition  of  tha  pointer  can  rIeo  is)  marked 
this  value.  Whe  n  ths  ioniporaturs  .if iCr. oases 
to,  oay,  l'X)  C,  tha  bricip  (s-’comeo  unbalanced 
sxnd  the  y^intcr  vSil  dofleci  an  amount  de¬ 
pendent  rilso  on  tile  battery  po'":hlal.  As¬ 
suming  tha  battery  potential  to  have  been 
standardized,  the  new  deflected  poinior  p'al- 
tion  can  bo  marked  "to"'.  Deflecticu?;  at 
inter mc'iuto  »»ints  can  he  dotermic-ci  by 
knC/v.'f.v  tho  rPoistanco  ‘rs.  ton\rjfivatujre 
characteristic  c\f  i.vs  resistor  In  oeme- 

-vhai  more  complicated  circuits  'trllh  a  ratio 
voder  as  previous^ly  described  (see  V'i;,s. 
3-1?  ajxd  3-19),  tho  imilcatk  .i  will  cot  change 


?ig.  3-28.  D-C  typJ  taf-isometes'  generator  fo:’ 
speed  mea»urs»m«!l  wi in  mocJunicnl  ceapJin®. 
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in  autoiasssoiles.-  Widely  used  to?  aircraft  ea« 
gtae  sps®d,  yds  typa  is  eomowhat  lees  fleribia 
than  t&s  d-c  or  a-c  generate.?  uced  with  a 
simple  itadieaiing  JastnaaeBt 

Frequa&sy  Reag-aasiye  Kei^rhs,  Those  may 
be  ecndSeriS  as  aecesaoHSi  fe?  indicattiag 
frequency  on  a  mors  or  lees  standard  As 
Instrument.  They  usually  imolv®  toned  net¬ 
works  and  rectifiers.  Where  used!  only  fee* 
(frequency  ihdicaticsjs,  they  inucfoe  a  voltage 
regulator  network  so  that  the  resulting  indi¬ 
cation  la  independent  of  voltage  variations 
and  is  ft  truss  measure  of  the  jtreqoansy. 

Hgusa  3-27  chows  a  schematic  arrange- 
aient  of  this  ©ort  described  by  Smith,  (S) 
Values  are  given  for  a  typical  0&-cyc!e  center 
frequency  transducer,  useful  over  the  range 
of  §5  to  00  cycles,  The  left-hand  inductance 
end  capacitance  resonate  at  approximately 
48  cycle®;  the  right-hand  network  resonates 
fit  72  cycles.  M  low  frequency,  current  in  tbs 
left-hand  network  dominates  and,  at  higher 
frequency,  current  in  tha  right-hand  eat- 
t7ork  becomes  the  greater.  Resistance  R9  is 
ciijuffitod  to  equalize  the  current®  la  the  two 
sidao  at  the  cantor  frequency  cf  GO  cycles; 
no  current  then  jttoro  through  the  meter.  The 
four  rest- '  ora  arc  equal,  and  although  the 
specific  value  Sr  not  Stupor  tent  they  may  be 
typically  8000  ehs n&.  Resistors  R,  and  Ity  are 
again  equal  and  may  be  about  1000  ohms  each. 
The  line  voltage,  which  ina,  vary  fcoa  103 
to  130  volts,  passaethrmigharogulailngti'ajw- 


forsaer  of  a  conventional!  type  wsdeh  nukes 
the  output  voltage  constant  at  a  specific 
frequency.  White  this  catyut  voltage  will  vary 
with  frequency,  this  can  be  calibrated  into 
the  output.  The  actual  output  of  this  particular 
arrangement  is  G.b-b-OJp  ma  over  the  apes 
of  50  to  70  cycles,  tor  example,  aad  into  a 
resistance  of  S0S0  ohms. 


Similar  type#  efi  frequency  sensitive  net¬ 
works  are  used  in  conjunction  with  other  gear, 
for  example  an  a-c  tachometer  generator, 
go  that  the  d-e  output  voltage  is  determined 
tey  frequency  aa  a  measure  of  the  speed 
rather  than  by  the  voltage  generated.  ThS* 
type  oi  speed  measurement  is  more  accurst® 
in  many  cases  than  th®  simple  voltage  re- 
sponaive  arrangement 

Other  accessory  devices  may  include  posi¬ 
tion  indicating  rheostats,  composite  group* 
of  instrument  transformers?,  and  other  special 
arrangements  specifically  designed  for  a 
given  requirement.  Their  ramiflcatica©  an® 
catch  that  it  is  imposaJMe  to  discuss  tioeia 
bore  in  detaiL 

spscmcATio m 

Military  Specifications 

Numerous  specification*  cover  tlteindM^u^ 
types  of  indicating  inotransentfl,  shunts,  aefl 
&c cassories;  and  meihodn  o’  mounting  ins£r»- 
meat  panels.  Table  3-4  sfeovys  the  military 
specifications  cavort.,,  ibsce  subjects  an  of 
March  1967. 
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Doplftnatioe.  All  tosiruaasats  ccatrollod  by 
MIL-;/: "613,  M3L-M-I72751V,  ML-M-S823,  sad 
MtL-M-i0304A  are  deeigEsicd  by  Use  eyeless 
shown  below  (with  in  tear  variations). 


MR  n 


891  50C 


Meter  Style  Color  Steli-  Gas-real  Unite 
acbcme  rests 

vako 

Stylo.  Style  Is  identified  by  a  iwc-digii 
number,  tbo  flrrl  of  which  identifse®  tha  else 
(and  somet.lmea  too  flange  shape),  the  eseoad 
digit  identi/io*  the  case  material,  degree  of 
enclosure,  typo  cf  panel  for  which  It  1®  c*8- 
brsied,.  susd  flange  shape  (MU.-11-17275A). 


Fig.  3-37.  Fretpency  Iraundwcor  network  a*«d 
in  lh&  r&p<£<?  <nf  55  to  60  cycles  center  Irttgaeacv* 


SUo,  Ths  table  below  i&usm  tb©  daaignjatSsea 
for  the  several  dree  corresponding  to  She 
flrei  digit  of  the  etyio. 


o  -v 


<.  ‘ 


W'  *»V 


! 


Digit 

.  Distastes'  (in.) 

-  ■ --SpeciJleatioa 

• 

1 

mh-n-mnn 

1 

s-i/a  ■ 

vnL-M~m<Hk,  Mih-u-rmu^mi^a-sm 

'2 

*~y§ 

WL-m-m04A,  &OL-M-0B 

S 

3-1/2 

MH.-M-10304A,  &OL-&-3B 

L  4 

4-1/2 

MIL-KS-IGSMA 

,  Flange,  Scale..  Tbs  table  foalow defines 
t&s  meaainge  ofl£e  ‘second  digit  la  ths  style. 


|  Digit 

Sj»eifle*  tS03 

IdMStticaUca 

3 

ML-M-WS04A 

S<jti*ro  fl*ng«,  sealed,  tor 
both  magnetic  end  aco- 
mssnetie  panel*  ) 

S 

L : 

MH.-E5-S833 

Molded  thermosetting  1 

plastic  or  raotil  esse,  i 

swjuars  flange,  sealed,  ] 

calibrated  lor  uao  on 
cooiBasnatle  paael 

7i 

MX-Et-iWlBA 

Sound  flange,  maided 
OVirumeotUng  plastic  a" 
metal  caeo,  90-dagree 
noraltuU  scale,  calibrated 
for  min  cn  a  steal  panel 

0.09  Incii  thick 

<5 

• 

aiL-K-oa 

Molded  thermosetting 
compound  case,  was sled, 
calibrated  lor  vse  oa  a 
zlecl  panel  0.03  L“ci 
thick 

5  . 

MlL-Sl-lTa'ISA 

Ro-iod  {lungs,  molded 
tbermoeettlng  plastic  or 
metal  case,  aO-degree 
Komtnnl  scale,  ealibrattd 
for  use  on  a  ocsiinsgswtts 
panel 

9 

mb-  u -esi 

Mol<Js<$  t^ruio-A-  iUng 
ccenixHsnid  cslog, 
caJtbrafxxi  foi*  oq  a 

fXiPijn  a^ottc  pans] 

0 

S0I.-M-8B 

R3o4d«l  tiiafrjo^vttag 
ecrnpoeaul  cj*  mtfsl  Cis3, 
sealed,  efilib.rc4«d  for  ujw 

CH  R  pst34|] 

sod  oq  a  st*a4  pattsi  0.0# 
Izich 

0. 

iOX-M-lOSOiA 

ftcocd 

***J*d,  for  bo£fe 
rcsfnaUe  And  non- 
ssxxacMc  p 

& 

MIL-M-lTHm 

Rocsd 

rc>oJ<isd  th^rmo- 
ftetilag  plaalic  Ctf 

cat  a  &0~djgrc* 
KM>faloal  ova.l«,  nUib r*t*d 
for  «n  on  nonsttRfr.stte 
ps.cels  and  on  steal 

CL  02  Lo-cfe  thick 

Color  Identiflcatioa.  Sseeifieatioas  MEu-Sfr* 
SB,  klL-M-17276A,  MIL-M-10304A  etnyloy 
She  following  color  Mcaiifieotea  acfeeias; 
fiUL-M-8823  employs  “S"  oa'ly. 


Letter 

Color  SeS»m  o  f 

_  -  .R 

White  dial  backgrousdi;  feS&sk  awkis®*  1 
wtti  pointer 

!  3 

Black  dial  tackgrosmiJ;  uhite  laarking*  | 
and  pointer’  | 

F 

Fluorescent  snnrkiEja  and  pointer;  | 

black  dial  Sssckground  j 

8 

S« It -luminous  maridB^s  fisd  pointer;  | 

black  dla!  bacloproiasd  | 

|  M 

(JUL-S4-103CMA)  Hulacolos'ed  markings  j 

Current.  The  Mad  of  enrjrenJ  for  which 
ioetnunent  is  dasignod  is  indicated  by  tea 
letters  a.a  foil  own: 


Lettars 

Cu XVS3& 

AC 

AC  SO  epa  Borttiaal;  J5-32S  Cpa 

cjtaratiji 

AS 

AC  530  epe  ocnjlaai  j 

A? 

AC  4K0  epe  noaisal  i 

DC  . 

nc 

BF 

Rstfiio  frcc.a-'jciy’,  cesrcr-lionJii 

ec«!o  j 

SL 

Hfidlo  frefpenew,  linear  crpsstSatf 

»cjsis 

An 

AC,  rectifisr-Syp@  | 

Units.  Two  letters  doslgrate  tbe  electrical 
caiLa  irdicated  by  tha  liu/lnm-eot  as  follows: 


Letters 

Units  | 

{  DA 

fii!croaj35j>ere# 

s  ISA 

HUlJatcperes  | 

l  AA 

Amperes  j 

5  KA 

SLiloampcrea 

i  vv 

Volte  j 

sv 

SUotoKs 

i  MT 

SIlUlTOlca 

DD 

Decibels 

Zero  Ccoter.  TL>»  end- reals  vuim;  ci  vjr 
instrument  wTtli  a  sm>  center  (or  offoeb-semj 


IS  8 


r-.f-  *ws  v.-j«v  >  -  ••  ■fv-’w  s*».  7^  ***'•  <*“ 

, .\>v  a' 


id  indicated  by  two  digit®  with  a  letter beiw&sa 
(aa  5D5)  which  give*  tfcs  decimal  yt&vts  cS  th® 
digits  as  follows: 


0 

© 

a  |  .  tenths  | 

1  r.  volts  ■  | 

V 

S  teas  1 

M 

i  hfjndreda  ! 

Thus,  in  the  exsuupla  above s  rcp?aaoiit;3 

an  instrument  O.5-0-O.S  unite. 

Zero  Left.  The  full-scale  daSecttea  for 
meter*  'with  zero  at  left  is  indicated  by  three 
figures  designating  the  units  indicated;  ^hen 
the  full  scale  ia  Ism  than  three  figures,  zeros 
ara  inserted  at  th;  left  to  SB  avt  !®  three 
figures.  Letter  “R”  between  two  figures 
indicates  a  decimal  point  Tfaua,  II.  ’'nre- 
oents  1.5. 

Mot  os  on  Military  Spedficatica® 

M1L-M-38S3.  This  speciiicatica  sobers tmly 
the  l-l/lTnch  flush-type  d-c  inststeaenl  hav¬ 
ing  k  round  case  of  this  diameter  aad  with  a 
front  flange  1.75-inch  square.  Tbaaa  small  in¬ 
struments  do  not  have  enough  roosn  inside  for 
such  items  ao  series  resistors,  ertwia,  ct 
thermoelements,  so  these  accessorise  are 
mounted  todojr^ndently  find  com:® clod  to  tho 
basic  d-c  ln*B  urnauta.  In  additk©  to  tho 
internal  calibrated  dial,  this  type  ol  instru¬ 
ment  has  a»  external  froni  plate,  to  bo  mounted 
on  the  instrument,  on  which  is  ongrav®d  a  eel 
of  figure#  and  a  caption  applying  to  these 
external  accessories.  The  bade  character¬ 
istics  of  this  group  of  Ins-truniecia  are: 

1.  Accuracy — 3  percent 

%  Damping  Factor — :3.0 

3,  Basic  Ranges  and  Their  U*@:  The  basic 
d-c  Instrument  used  with  appropriate  seal? 
plates  and  other  accessories  will  giro  indi¬ 
cations  erf  volts,  jnUll.aitiporee,  and  am  rerun. 
Code  MR13S001DCMA  has  a  full -seal©  value 
of  1  ma.  A  simitar  centor-F.oro  instrument, 
MR13S1U1DCMA,  lo  used  for  similar  pur- 
poeea  and  has  a  full-scale  range  of  1-0-1  ma. 
For  the  measurement  ol  r-f  rollUaxnpares  and 
ampere*  with  external  thermoelement*,  an 
Instrument,  with  a  lull-scale  value  of  10  mv  Is 
used,  MS13S010DCMV.  There  are  aleo instru¬ 
ments  for  100  and  600  microampere®  full 
scale,  MR13S10DCUA  and  MR13S50GDCUA 
respectively.  These  latter  Instruments  maybe 
uoed  directly  or  with  external  accessories  aa 
may  tit.  a  particular  situation, 

MIL-M-17375A.  This  specification  covers 
a  I ~ IncFi  mister  need  to  a  very  limited  degree 


aafi  currently  available  only  la  aiaeiScd  (paatt- 
Meg.  Tha  bade  cMraeterMicc  o i  IM«  group 
af  Instruments  nsw: 

2.  Accuracy-  -  S  peyccat 

2.  Damping  Factor— A® 

S.  Range-— Volt*:  5®  raw  fc 

Amperes:  103  talercasoj^reo  ta¬ 
ll  taa,  de.  • 

I3IL-13-20304A.  Covers  ruggadlseS  laelru- 
mente  with  roaittl  flange  diameters  of  2-1/8, 
Z-tk,  and  4-1/2  inches,  and  1-S/S-ineh  square 
flange.  Those  instruments  a xq  daslgaed  t® 
withstand  caore  severe  shock,  vlteiMca,  arc! 
humidity  cycling  conditions  than  can  be  toler¬ 
ated  by  naaruggedized  instrument.  Th®  basic 
character! sties  of  this  group  of  instruments 
are: 

1.  Accuracy— 3  perceot 

2.  Stamping  Factors— -1,5  to 

S.  Ranges— Volts:  1.5  volts  to  3®  Isv,  dc; 
i.S  volts  to  800  volte,  sc  (0©p  400,  80S 
cpa).  Amperes:  20  miereaxaperes  to 
1200  amp,  dc;  10  ma  to  £M  amp,  ae 
(60,  400,  800  cps);  100  .cm  to  36  amp,  rf, 
3C, 

T1IL-i-83?4(ti8AF).  A  gtrner  creefiie&titn 
for  nomlnafa-lnd)  instruments  for  aircraft 
:s*c  in  making  measurements  la  408-cycle 
a-c  parmr  system,  Fow  details'  are  given 
although  references  are  made  to  ether  sup¬ 
plementary  spseifleatioas  so  that  IK®  instru¬ 
ment*  may  ba  aaado  applicable  to  aircraft 
use, 

MKL-M-8380.  A  specification  for  us  indi¬ 
vidual  recB-iypn  frequency  me  tor  with  3  sps- 
cific  range  of  380  to  420  cyclos  sf  100  to  130 
volte  in  a  flush-typo  csss  having  a  3-1/4 
-Inch  diameter  flange, 

’ML-I-5997A.  This  specification  cover  a  tbs 
general  requirements  for  ths  instaliaiioa  oS 
aircraft  los-trusiente  pnd  instramert  panels 
using  single-unit  vibration  aiwo-jbers.  This 
cover's  Inatrumoat  psnalc  installed  in  th3 
aircraft  and  do®*  rot  purport  to  cover  as- 
eambliea  of  electronic  equljuacat  which  are 
oeli-containod  In  themselves.  To  sumo  oxter:! 
this  specification  parallole  MILT-7023. 

MI1.-S-81A.  ghunto  developed  for  aircraft 
usa  are  covered  by  this  npecificatice.  Shunt 
dimensions  and  layout  are  owciflrally  covered 
by  Standard*  148-91 536-7 -8.  Tbtuo  cover, 
rospectivoly,  ehunt  types  MSA,  MS'S,  and 
blfiC  of  ti>G  epvervti  cUos  shows  to  Fig.  3-221 
These  external  shunte,  with  rtajguo  of  from 
SO  to  liiOO  amp,  are  rtrictly  Interchangeable 


ISO 


V  ..  A 


and  save  a  voltage  <Jro^  <$  80  mv  at  their 
rated  current  While  the  aecaraey  rating  la 
0.0  gorceat  wtes  hot,  110*  3  C,  a  somewhat 
wider  toleraae®  tea  &K©i?*i  ea  commercial 
afcanta  o£  largsr  sise,  tfease  eininte  are  ada- 
ujnate  for  iss©  wtt&  p&aal  instruments, 

JAN-B-§9.  TMe  specification  covers  series 
resistor©  lor  high-voltage  instruments  In  three 
different  sixes,  MFA,  MFB,  and  MFC,  having 
swages  from  0.5  Sc  6.0  laagofesia  for  use  on 
0.5  to  6.0  kv.  The  spaeifieaficn  gives. &a 
diiaensiona  ia  coma  detail  along  with  test 
requirements,  These  reidaiora  are  widely 
used  far  both  military  and  commercial  ap- 
gdicatiOiis.  ffimilnr  commercial  versions  esiof 
having  values  a®  high  as  30  megohms  for  uce 
oa  30  kv.  Tbeeo  resistors  are  superior  to 
any  oilier  type  far  voltages  over  1000  and 
oven  for  commercial  work  \7fcer-e  no  specif.  - 
cation  miuiromaat  exists,  these  typos  are 
sSosninaat.  Tlusir  general  form  ia  ns  shown 
ia  Fig.  8-8S. 

EHL-M-16034A.  instruments  gonarnlly  larg¬ 
er- tHm  the  panel  type,  along  with  portable 
terting  Instruments,  arc  covered  by  thin  apec- 
ftiefttion  originally  sponsored  by  the  Navy 
Department.  Tho  switchboard  instruments 
covered  are  rectangular-front  In  at  rumes .].% 
eosatnally  4-1/2  Inchon  square,  with  long 
scales  spanning  approximately  250  degrees; 
ami  8-inch  rectangular  Inslrumcnte  with 
tsoralnal  90-dogrco  ecaloo.  A-C  and  d-c  volt- 
maters  and  ammolsre,  and  r-i  amraotero  are 
covered.  Portable  instruments  are  listed  in 
to  0.26  percent  accuracy  clans  for  both  a-c 
and  d-c  typos  end  in  secondary  accuracy 
cla/m  ci  0.6  perc-aut  for  d-c  Instrument*  and 
0.75  percent  for  a-c  lnsirutnants.  Details  as 
to  scale  length  and  the  effect  of  various  is- 
ftucncea  are  Hated  in  supplemental  apeclfl- 
catioo  sheets. 

MTL-M-101?.5A(1}.  Ab  tails  the  previous 
speriiicaUoib  tEo  instruments  covered  are 
of  tlis  fradtC-bboard  and  portable  typos  for  ship 
or  choro  nsa.  Dial-type  motors  are  covered 
os  well  as  vibrating  reed  sudors;  the  latter 
are  confined  to  sixmo  uoo,  Tho  size  and  kind 
of  instruments  covered  w#  tiro  same  as  la 
MHr-M-16034A;  types  aro  for  nominal  60  ar 
400  cyclos. 

&0L-I -1 36  i A.  Accessories  covered  by  this 
cp;>c  ill  cation  aro  to  »  somewhat  higher  ac¬ 
curacy  class  than  those  items  previously  ro- 
forrod  to  for  uea  with  panel- typo  instrument®, 
for  example,  ohunto  are  to  bo  within  0.25  per- 
■-  Current  transformers  asm  co'  ered  hav- 
1, .  i  ratio-error  limit  of  0.25,  0.5,  and  0.1 


percent  far  tea©  cKStesat  &Utma  md  at 
rated  ©urifaal. 

Tb@  Inti  tess  spseiiSeatiena  cssRestaj  fe 
togs*1  switeMteard  find  portable  baghnuaeate 
may  be  rcteescoS  where  aueta  ■SaaferamGats- 
are  required  fm  laboratory  usa  ®r  for  iii-  - 
posiaat  gsomnl  testeiMiom  They  wlli' rssrely 
be  used  ia  coajraictloa  with  electreale  a<p!jj*» 
meal  lor  lacHEling  is  a  plsao. 

.Commercial  Sartt-fleaMeas 

There  is  ms  dojainnifog  toduj&sy  stanto’d!, 
the  American  filaadsml  ior  Klectsical  Mi- 
eating  laotrumonta,  ASA  C39.1-1S55.  States 
'this  spaclflcafica  was  developed  by  &  workiog 
committee  reporting  back  through  mprsemts^ 
lives  In®  massy  p.Tof®e«ional  eecltstiea  as»J 
trade  groups,  it  represent*  the  comport.!® 
thinking  of  s  tego  nranber  cf  asparia.  Fane! 
inBtrumonto  to  the  L6-,  2.5-,  3.5-  45- 

inch  ilango  <yaE3*tors  are  ehowe  fcs  eosae 
detallj  thg  asaallotst  eixe  with  a  reortingular 
flan  go  only  acd  Slso  larger  atsas  odthEKith  rotrEa 
and  ii’©ctangulcr“  ihayvos.  Imitaumes^s  for  a-e 
and  d-c  a®  vofl  &e>  s-i  ammeters  asis  ©overed. 
Similarly  4- S/3-  and  6- inch  ffwitehboajx?  1b- 
Btruiaont®  aro  ehoura  In  their  severs!  rami- 
acaticeie,  toetej.tog  'Ofritniotor*  &s&  power- 
factor  metore.  Portable  a-c  and  4~c  ara- 
raetore,  voltmeters,  aiKi  wntUnetora  sk«  listed 
with  ecals  lengths  «d  12  inches  far  a  rated 
accuracy  of  0.1  pore  eat,  5  inches  Star  a  rated-  * 
accuracy  of  0.25  perccaf,  3.2  inefess  for  0.6 
per coto,  .ami  S.3  inches  for  1  percvKsi.  A  3- 
perconi  accuracy  ciscs  with  a  {.S-tscb  mini-^ 
mum  ecals  tonglh  also  is  tabulated  tor  am- 
rnatorK  and  voitiactere.  Tho  opecificaticji  Is 
go  complete  thrt  it  ehculd  be  available  to  all 
these  interacted  in  specifying  incJssasanto.® 

Since  tha  ASA  ope-cification  was  Ep-Dmiora! 
by  too  Amosicn-i  Inetituie  of  Electrical  Engi- 
nsorr},  ths  Inr/dtuio  of  Radio  Eaglweers,  tbo 
National  KlcctrScal  Manulnctwara’  Agsccls- 
tion,  tho  Rndio-Eloctronics-Toleviriofl  Manu¬ 
facturers’  Association,  and  others,  toore  or¬ 
ganization®  bars  no  other  basic  ixstrumosi 
fijvocUications.  Tbora  are  some  NKMA  epcc- 
Wlcations  on  Instrument  tranaforsaes-  dirasn- 
olonu  and  RiBes.  Perhaps  the  only  (ra^Kdomontid 
apcciflcfliion  of  importance  in  the  electronics 
Hold  is  the  ASA  specification  on  the  VU  motor, 
ASA  C1&5-185-4,  sponsored  by  the  IRE;  tho 
epeclficattoo  was  originally  printed  to  tho  IRS 
Ps-oceodlngs,  Vot.  42,  No.  5,  Hay  1364  In- 

0  Availibln  from  the  American  Stoadarsia  Ai-  . 
•ociatico,  £nc..  Til  Eo*t  45tb  Sr  cot,  ffc-i  Turk  IT,. 

H.  Y.  Pries  iVa.G-9. 


as  articlo  titled  * a  Asaarictm  Standsrd  FractSess 
for  YoIuniQ  Maaimrefncnts  of  ESocMcai  Spcccia 
sxt&  Steegrasa  Wsvsa," 

f&®  raajsr  ehsags-  to  tfe®  ISM  sgsdffcaiSea 
if«  tfa-s  previous  tonne  ofi .  1642  t?ao  is 
*  use  cl  a  saateMng  touurfomsr  or  network  to 

*  tabs  cars  of  lisa  tapedaaeas  other  than  ®©3 
etoi'-Sf  Ofiglofilly  tbo  only  value  sbovra, 

.  A  typical  moaltoxiag  YU  mater  type  is 
shown  to  Kg,  3=28.  Tbs  spacifiestta  covers 
toe  yexplr&naesjto  i?or  iHetrsssaeat  ballistics 
wfcsraby  tbs  dynamic  performance  of  all  easfe 
instrumento  will  be  bake  ally  tbs  same,  Thera 
are  no  military  epaeifiegtions  eti  a  VII  metor 
as  such.  For  military  applications,  aDBae&ar 
based  ca  !-mv  level  Se  aosnetlmae  used  *s:3 
is  generally  acceptable, 

Safer  aloe  to  toe  Master  Test  Code  to 
Electrical  Measurement#  to  Fewer  Circuits., 
AIK1S  Wo.  652,  November  1955,  pM  ASMS 
FTC  19.®,  1855.  Tbs  Test  Code  is  not  a 
specification,  but  discusses  laboratory  instra*— 
mrsato  for  making  performance  teste  on  equip¬ 
ment,  and  Is  aw  affective  test  book  oa  making 
sssch  measurem©  at®. 

The  large  manufacturing  ccmpsaieg  have 
equipment  specific  atioas,  although  to  many 
inelince/3  they  simply  list  sad  repeal  the 
Heme  in  ASA  C3D.A,  with  such  supplementary 
information  an  toe  part  numbor  used  for  that 

‘  -  manufacturer,  Deviations  from  the  require¬ 
ments  list  by  the  standard  opeciflcationa  pre¬ 
viously  referred  to  arc  rare,  largely  becaesa 

*  of  tbs  exleteuco  of  tba«o  otoudarda  end  fs- 
enuse  special  inetrumeuta  are  «»  ©xp©D#lva 
to  process  in  an; all  quantities.  On  too  other 
hand,  special  orders  for  instruments  la  quan¬ 
tity,  invalving  requirements  whore  too  special 
features  will  result  in  simplified  use  af  ths 
associated  alactroaic  equipment,  are  quite 
aecoptablo  to  too  toetnunent  manufacturer 
provided  that  too  espanrw  of  special  tooling 
can  be  written  off  by  agree  maul  between 
too  parties  coocoraed. 

INSTRUMENT  8BLKCTIOH 

In  addition  to  the  numerous  aspects  dle- 
cuso-ed  up  to  this  point,  otili  othsr  factors 
enter  into  th-s  final  selection  cf  art  tnatnimast 
for  a  givon  *ob.  Some  of  the  mere  iinyort&st 
factors  are  dlncvnscd  below. 

Caret) 

Instrument  caeca  are  mads  ft?  either  plastic 
or  meted;  wood  cases  are  usod  occasionally 
■  for  portable  or  laboratory  iustruarania. 


Tlf-  3  -23,  YU  sae-tor  eaaphsslsing  VU 
salibretits. 


Met*!  esc®*  have  cso  advantage;  if  istd©  el 
iitsi,  they  V4U  ear?©  m  magnotis  gMebJte  ifey 
ths  internal  rasgtsciic  eyeters.  By  the  bsjms 
token,  to  try  may  effect  ssasMeldad  tosfcrumc-fiis 
or  s  magnetos  cc-apa^e  to  class  psccCUatiy. 
Brass  or  ator-ilnura  car1,  i  are  used  occasion¬ 
ally  tstor©  a  siciimagaatie  cntiA  is  reqctesd 
or  where  light-VPelgM  alum;  m  Is  needed!. 
Moest  metal  cages  are  painted  although  9cm-3 
aluminum  cares  are  ovidle&d  and  firsiefeed  la 
black.  Disadvantages  d  using  suetal  cases 
iBelwde  iscratcfelng  of  too  finish,  corf  c£  metal, 
and  the  difficulty  cf  obtaining  metal  to  tisaeg 
cl,  high  priority. 

Plarfto  eases  oq  tog  other  baud  are  wid-vly 
wood,  do  rat  used  to  be  finished,  arA  sarr® 
atf!  fl.-Ecellesit  tseulsi  3  go  that  they  may  &’m 
carry  portioas  of  tlus  Incirumont  raochani^iaa 
directly.  Most  commorclal  instrument  cases 
ai-®  stold-sxi  Ironi  a  phenolic  rosin  nUtvRrh 
transparent  material o  in  th®  methacrylate  or 
pr-iyctyreac  iypeo  are  csod  hi  commercial 
forms  where  a^soaranco  Is  dominant.  Phenolic 
erase  aspaud  and  contract  much  more  ths* 
E33tal  if  espo.v-ad  to  wide  vaxiatloas  is  i.@ra- 
po mtu re  Rod  fciirnidity.  Thoreios'c,  fso-ciUcd 
"c.lngla  cycle"  ph-snolic  rotdna,  wWch  eshibto 
toose  chsiagco  in  a  minimum  degree,  are  ,^rc- 
ie.s'rtd  for  this  purposa. 

WiaAywc 

Glatw  'slcdowa  arc  wklsly  used  aval  arc 
gatteiactory.  UaurUy  hold  in  placa  with  a  goal - 
toj(  compouivd  and  a  spring  ring,  tbs  seal  la 
adequate  tsnlera  exposed  to  -wldo  chang-oa  la 
bjiresaetric  pressor*  almg  vltli  changeo  to 


Smmidiiy  unii  temperature.  Wt  ohemetleaBy 
•eatod  inatrasneata  are  required,  giars  wte- 
dowo  csss  fea  used  with  a  metallised  edge  aisS 
aoktoredl  Sato  the  metal  eut. 

Plastto  wtodmiw  aro  being  »•;:<•!  masts  efteo 
and,  if  appropriately  coaled  wife  gacfccte,  jqs~ 
pear  to  be  quite  satisfactory.  ©a  jdastte  Me- 
dowQj  hbwever,  static  chargee  tend  to  fettf5;]' 
up  which  may  attract  too  pointer  and  give; 
false  indicatiOE©.  An  mti static  treatiBKiS  si 
the  plastic  is  usually  necessary.  An  todru- 
mon'i  canylng  s  plastic  window  can  to  readily 
checked  for  static  charge  by  rapidly  ralMop, 
the  face  oS  the  insfcnsamt  with  &  silk  or  wool 
cloth;  if  the  plastic  is  antistatic  treated^ 
the  pointer  will  aot  remain  off  zero  for  ssioro 
than  a  second  os-  two.  This  testohouldbs  made 
when  the  instrursaat  is  dry;  in  humid  vmstiww 
tha  inetrament  ofemdd  be  conditioned  is  a  dry 
atmosphere  for  43  hoars.  While  plastic  will 
scratch,  apparently  tiSa  has  act  preyed  t©  bo 
a  problem  in  its  \sm  particularly  with  tfeo 
harder  formulations  ar&Uablo  today,  fteratdssa 
frequently  can  fos  male  nearly  invisible  by 
applying  a  bit  of  vmx  to  the  sarfaea. 

Tha  window  thlchsees  will  nst  tottraca  1/tQ 
and  1/S  Inch;  1/10  iucMe  common.  Tlzs  wi»= 
dow  should  be  stiff  seen^h  to  avoid  dsflscttHs; 
Inward  In  any  ssoimal  use.  Ordinarily,  fe 
distance  between  the  Inner  face  of  the  window 
and  tha  scale  piste  will  be  1/4  tods  with  a 
minimum  of  0.2  inch  sad  a  maximum  of  0.S8 
inch,  excerpt  la  special  ingtancee  wvsor©  a 
greater  distance  is  required  for  gome  special 
reaecsi, 

InstnuEost  Elsa 

Caff-a  trim  is  important;  a  largo  elsa  fakes 
up  parrel  or  bench  yoosa,  s  email  also  make© 
reading  of  the  divisions  difficult.  Tbo  nominal 
S-lnch  size  is  satisfactory  for  tire  common 
2- percent  panel  instrument  IS  condlttoas  are 
crowded,  the  rectangular  typo  of  frail  .fiscs 
saves  room  by  reducing  tl»  mounting  flanga 
at  the  aides,  top,  and  bottom.  Such  rectangular 
face  instruments  nr®  listed  by  most  maker*. 

Never  uoo  the  1.6- Inch  Instrument  wfeera 
moaauromcnto  must  be  made  with  any  eon- 
oidorablo  degree  of  accuracy.  Bee  antra  it  Jo 
supplied  with  only  10  diriaions,  it  is  difficult 
to  read  11*5  In&tnuisenttothe  3-p3rcent  comical 
guarenteo.  Those  small  inotrmuanis  chooid  bo 
ueec!  only  whore  it  is  lmpoasclble  to  use  tto 
2.6-  or  S. 5-inch  siz-t,  or  where  an  bvilcatioa 
only  Is  needed  of  each  Items  aa  plate  eusrezrl 
or  r-f  current.  Tha  I-inch  1  not  rum  cut  a  cov¬ 
ered  by  esse  of  tha  egwcUielatlong  are  atatSs 


&y  only  <m  company  and  feavs  any®®1  fmrcd 
ansch  fcivt.r  in  electrode  equipment  bscsue* 

&i  the  eheor  difficulty  of  rsadtog  tha  ttuSca- 
Steaa, 

Qsss»ra%,  tastruiB«Jsi»  torg©?  thasa  t&s  8.fr» 
tech  sism  are  cacd  cmly  wb-sre  they  muti  Im  " 
read!  •A  a  cHstesco.  They  e>  sy,  however,  have 
oosne  piaco  in  greturi  equip  *«i;i  and  a m  used 
to  a  certain  extent  in  test  sets. 

* 

Sa  seaiGsary,  isstoussato  for  olectvcale 
©qsSpissnt  are  mostly  of  the  2.5-  and  3,8- 
tods  flango  diameter,  and  sir®  available)  ia. 
these  rises  for  direct  current  m&  voltage, 

&-£  current  and  voltage  (rectifier  typo),  r-f 
surreal  (thermocouple  type),  and  alternatfe^ 
etsrrent  (iron  vano  typo)  for  us®  on  60,  4fl9p 
and  800  cycles.  Cl  lesser  importance  nr©  tfes 
l.§-  and  4.5-icch  Ingtranente  available  te 
direct  eurrent  and  voltage,  as  wall  ao  audio 
fretjKsncy  and  radio  f reiser; cy;  tbsy  are 
ad  generally  availabl©  m  a-c  todmBsattJ 
Sot  po vor  frequency.  The  1-inch  tostmaujit 
to  ETOilabls  only  lot  direct  current  and  volt¬ 
age.  OB  end  VV  snehjrg  tir©  badcaily  rocti- 
fler-typs  instruments  with  special  scales, 
laetnussnto  for  tbo  assasuremoat  of  fra- 
cjiKJicy  :usd  olhor  less  eoranioa  r.oeds  ass 
limited  in  idslr  types. 


Instrument  scales  ara  dJecnseod  in  mm? 
(isisil  because  ie  ruusUy  a  consldsrshl*  * 
choice  oS  instrument  sedoa  end  rangee  for 
a  given  appiicatio©. 

Tlso  Isayiii  of  the  scale  le,  of  courca,  a 
facet! on  of  the  size  of  tfeo  instrument,  Tfe# 
eo©!  of  r  1.5-f  2.6-  os*  a  S.6-lnch  In  ct  sum  cut 
trill  bj  sis nod  tbs  aa.-ne;  basically,  all  uc« 
the  sams  or  n  similar  mcchsmlsm,  but  there 
la  a  diKsrenco  In  ovorall  eccuracy.  Evoa 
though  Use  3,6-  and  S.  5-inch  in  drum  eats 
are  bclh  rslod  at  3 -percent  accuracy  in  tarmo 
of  suli  ccala  dsfloctloii,  tha  greater  gcale 
toagth  of  the  larger  instiumont  will  load  to 
creator  accuracy  in  the  actual  reading  of 
the  inch  cation.  Host  spacif: i  cations  silo-/  an 
inslmmcnt  pointer  to  ride  a  maximum  of  0.1 
inch  above  the  scale  surface  and  parailaat 
errors  will  inevitably  coma  into  play  unless 
great  care  is  taken  to  view  the  printer  from 
a  point  perpendicular  to  tbs  scale.  In  say 
©vent,  with  a  givon  amo’.ir.t  ri  parallax  tbs 
2-inch  minimum  ocalo  length  oa  tha  S.6- 
toch  meter  will  give  a  smailor  reading  arrer  . 
than  tbs  1.6- Inch  ocilo  cf  tho  2.,6-lnch  type. 

Tims,  tbs  S.S-Inch  Instrument  is  reemrt- 
saeadad  >viisro  readings  are  to  bo  take®  to  tbs 


M2  accuracy  guaranteed  to?  tte©  feictramaiA, 
unless  panel  space  5*  a®  rsetrieted  that  a 
smaller  incirasEart  is  dtaemed  appropriate. 

A  tabulatJea  si  ecalo  tosgtfe-a  e©?®i*@d  by 
te  several  jaffltary  upseifieatloeffl  i«  gives 
in  Tai^l*  3-§„  ‘ST<c  cSsme  dl©s®»r?.<®  applies 


Table  2-5— . l2e3Bi«3i  Ecsla  tang iti  Se^urasa sets 


SpscUlcaitas 

lists  r  ciw? 
fliaegs  dlsaeCsr, 
fej.} 

Hiuiasnn  ecals 
ks^lis 

r*<5«irec«st* 

(13.) 

ftOL-H-OB 

8.5 

S.B 

9.5 

8.0 

mu-usm 

i-3 

3.0 

7273A 

a 

0.7S 

EraL-M-KHMA 

as 

3.2 

2.5 

as  ; 

- - — _ _ 

4.5 

S.85» 

“From  ogpplsr*3ainy  daeasticte. 


to  Instruments  fcr  a  subtended  angle  of  T'Otft 
90  degrees.  So-called  long- scale  tastrcfliontci, 
where  the  pointer  rotates  over  about  370 
degrees,  are  avaiLsbl®  In  the  larger  switch¬ 
board  sizes  and  ora  covered  by  sp-?cl®cafcton.g 
on  owitchboard  Snstrrar.enUi.  Trey  are  avail¬ 
able  in  only  limited  number  sad  usually  for 
direct  current  only  is  ths  3-i/2-toch  eias 
and  gaiallor;  military  specifications  In  gen¬ 
eral  do  not  contemplate  tortrtnaente  cl  this 
type.  Howaver,  they  are  used  widely  on  the 
aircraft  panei  for  navigational  purposes  sn<5 
eo  ongino  ingtnussnta  for  measuring  tem¬ 
perature,  air  speed,  rptn  cl  the  sngiasa,  and 
for  special  purposes  such  as  distance  Indi¬ 
cators.  In  gonsrai  tfesse  !oog- scale  instru¬ 
ments  are  basically  l»ea  accurate  than  th® 
SO-degrae  instruments  but  more  readable. 
They  tend  to  be  nave  cp&uivo  and  take  more 
power  to  operate.  They  represent  a  limited 
ebas  with  limited  performance  and,  while 
valuable  In  opc-dal  lnrrtanco3,  aro  rarely  used 
in  ths  broad  variety  of  electronic  equipment 
In  th;:  mil'  ixy  eetablishraer l. 

Having  a  given  Else  uf  instrument  with  a 
flvM  scale  length,  ths  number  of  dtvintong 
in  frequently  In  qua&tion.  Jngcusml,  divisions 
should  not  be  closer  than  about  0.03  Inch  for 
panel  or  portable  insirumsntc,  thus  being  about 
as  clous  a#  tbs  eye  can  differentiate.  With 
a  i.5-lnch  scale,  common  practice  it  to  uso 
a  maxi  mum  ccf  <0  divisions  and  thu  v,  to  cover 
all  scale  range  possibilities,  it  may  bs  eald 
that  the  1.5-inch  minimum  scale  length  csf  a 
2.5-lnch  meter  should  have  between  30  and  40 
divisions.  Similarly,  ca  ths  2.0-tnch  minimum 
seal  a  of  a  3.5  inch  instrument,  the  number  of 


divlate®  should  be  Isetws-sa  4©  ess€  *?§,  As 
jprevtarsly  teScaisd,  tbs  i.S-ineh  iaetraaseai 
1*  epaeffled  to  have  10  dMciso*, 

Tfc®  4.5-toch  instram®n4  weuM  also  carry 
tea  48>  is  75  clMoiGBO  a tests  3  groat  nsmte- 

tSvlrioEis  are  not  Beaded  with  the  Z-pozeml 
teuAe  accuracy  of  ths  InitraiEaiK  end  good 
visibility  le  the  prime  used.  TMs  edae  is  & 
used  ia  many  test  sets  la  &  heriroaial  posltias 
with,  a  multiplicity  of  scaloe;  ths  Largo  ala® 
allows  tor  both  d-c  and  ccctifiar-typa  a-e 
Gcaissp  an  ohmmetos*  scale,  and  a  seal®  to 
Sb,  aH  tjlthosi  sadse  crowding. 

has?!p  switchboard  Lustc^saente,  to  be  r©ai 
2rc$s  a  distance,  ara  gonorrlly  supplied  witb 
Stem  29  to  73  divisions,  ilta  divisions  being 
rather  coarse  m  that  thoy  <tonc4  blur.  'Portable 
instruments,  ca  ths  other  hart,  will  su®  up  ,!s> 
as  high  as  280  divisions  on  a  S-tocls  gc«ie0 
saalntJjMng  ths  .minimum  of  0.03  inch  iwtwci® 
(hvidaaa  t&stce  thoy  are  t®»  for  does  read- 
top’-. 

Figaro  3-S9  shows  a  variety  of  scales,  cctoal 
aiito,  rogs?®c«otir  g  the  minimum  and  mwdjatca 
nujnbar  c?  divirf.ons  im  ths  several  gise& 

Tfes  gyiwsaS  t^ves?  tihov©  is  th»  numl»r  e2 
divisiRia  ia  neceesasy  to  cover  ail  seals 
ranges  since  it  is  mandated  In  num areas 
opscificstiono  that  each  divisca  represent  2, 
3,  or  6,  or  a  decimal  maltiplo  or  submultlpis 
thereof,  «t  t ho  quantity  monm^rsd.  Thun,  for 
a  3.8-ioch  meter,  s  150-tcw  scale  should 
have  73  {fivijions  with  3  vo' '  ?  por  divlsioa, 
A  SOO-voit  s-csla  should  have  0  divisions  with 
8  volte  par  division,  A  5- amp  scale  chould 
have  ’i0  Svleiono  with  O.i  amp  i>sr  divlsice. 

Require  meats  tor  ceevew  or  finer  scales 
thin  coatnlned  within  tbs  llcnttg  will  usually 
bo  cossidorcd  spscivl  @j. 4  will  bo  mors  ex¬ 
pansive.  Scales  for  inslrtur.onis  for  military 
us-o  that  :;rs  to  be  mate  with  fluorescent  er 
lumtuoiMi  lak  must  nc-cca  varily  be  eomowfesi 
coareor  and  ordinarily  wlU  bays  about  half 
as  many  di  ud.xio  ins  tim  above  figures  for 
readability.  It  is  a  fallscy  to  believe  that  a 
largo  nair.b3!-  of  divtsdonevr,  itroaultingreatos’ 
accurscy.  tinny  studios  meds  tvith  regard  to 
ths  accuracy  csf  reading  Instruments  all  indi¬ 
cate  tbit  Ecalec  within  the  above  liaied  Umlm 
are  best  from  all  polnte  of  vlav,*. 

There  is  some  variation  In  iha  dstallc  of 
scalot  hu uot led  by  various  m&ksra  and  they 
rep recsiA.  in  tho  last  analysis,  rather  minor 
varlatliraa  in  utility.  It  is  boltcved  that  tho 
optimum  seal®  has  divisions  probably  about 


For  2,5-lach  D-C 
fagtramenf# 


A-40  divisions,  snax- 
isims  number,  fig- 
ami  for  2  units  par 
division,  10  units  par 
cardinal  division. 


For  S-S-tecfa  £>C 
Instruments 


A' 

^  v 

D-7§  divisions,  maximum 
number,  figured  for  2  units 
per  division,  10  units  per 
car*.! .  i  division. 


For  3„S-ikch  A-C  t 
Instruments 


G-Emiivaleat  50  division 
scale,  cramped  at  left,  for 
typical  iron  vane  instrument. 


B-2©  divisions,  opti¬ 
mum  number  figured 
for  1  unit  per  divi¬ 
sion,  6  units  per  car¬ 
dinal  division- 


E-GO  divisions,  opiumim 
number,  figured  for  1  unit 
per  divisica,  S  units por  car¬ 
dinal  dtviaiea. 


<P 

H- Equivalent  40  division 
scale*,  following  square  law 
for  r-f  ammeter  with  regu¬ 
lar  pole  pieces* 


kf^nXf^ 


100 


C-2S  divi  elans,  mini- 
msna  number,  figured 
for  0,05  unit  per  divi¬ 
sion,  0,1  ujitt  por  car¬ 
dinal  division. 


F-40  divisions,  minimum 
number,  figured  for  6  units 
por  division,  10  units  por 
cai'dinal  division. 


1-r.quivsilent  80  division 
scale  for  linear  expanded  r-f 
ammeter  with  cut  pola 
pieces., C! 


'An  00-division  cede  la  used  bero 
because  the  "Standards  of  Good  Engi¬ 
neering  Practice  of  tha  Fouoral  Com- 
rsjamcjtUojis  Commission  require*  that 


1 ! no tx  expanded  scale  r-f  ammeters 
have  a  minimum  of  50  divisions.  Thus, 
such  instruments  carry  50  to  80  divi¬ 
sion*  depending  on  rang*. 


Fig.  i-Zi.  Trfdcr.l  psssi  lncirsat*s:l  ocal  va. 
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0.05  tech  wi<to,  o?  a  ssodlan  rate®  fccbyc-cn 
the  rafercacad  limit®. 

icsies  aye  evenly  divida-dl  ces  prtsiiefilly 
all  d-e  instruments  as  a  reeolt  vS  tfes  uniform 
air-gap  fires  danalty  through  which  th©  moving 
ceil  rotetos.  In  special  lnriacces,  the  airgap 
esa  lie  mad®  can  linear,  resulting  In  a  non- 
linear  seal®  distribution;  if  the  distribution 
is  logarithmic,  this  can  be  arranged  to  give 
more  evenly  divided  logarithmic  values  of, 
for  csaetspla,  db  lavals. 

T&*r*ceocple  r-f  ammeters  necessarily 
bare  a  nonlinear  distribuUcw  because  of  tbs 
cqnare  law  characteristic  resulting  from  tb© 
basic  etou-acterisiic  of  tho  thermal  converter. 
Here  again,  by  cutting  the  peas  places,  a  por¬ 
tion  ci  the  scale  can  be  made  mor:  Unear; 
and  this  arrangement  is  ugsally  known  a s 
‘ 4 linear  expanded  type,”  Iren  vans  instre- 
men  to,  dynamometer  Inetromcnto,  and  edhor 
specisi  types  frequently  have noidiaoar  ocalos. 
Abheegh  tise  linearly  dlvid-ed  ecaio  may  ap- 
p-oar  to  bo  simplest  and  best,  tho  doafgcar 
has  little  choice  if  the  banlc  instrument 
ssoetemisra  is  nonlinear.  To  etrslghtoa  o«t 
the  characteristic  is  only  occasionally  po-s- 
albl-s.  arid  always  ejqponalve. 

Partly  bocauoo  of  ths  fact  that  nonlinear 
ecsles  are  ujjually  moot  ncnlinsar  in  Uvs 
lower  portico,  It  le  coofddored  rood  practice 
to  select  an  Instrument  s-anga  whore  the 
majority  of  the  rendltirs  will  bo  ur.txrt  3/4-  of 
tbs  top  scale  valu®.  Thus,  for  115  volts,  a 
C-150  voitinetsr  in  probably  cxtlmum  and 
allow*  for  some  ovormtHaro  to  bo  indicated. 
On*  aiil  rarely  go  wrong  in  eclocUug  a  full¬ 
er  u’.o  range  from  50  to  iO  percent  above  the 
highest  normally  expected  reeding,  In  this 
way  maintaining  tho  ability  to  road  minor 
ovs.-lc*.:!®  and  still  have  good  ocato  read¬ 
ability  la  tho  working  ring®. 

Jllrror  Scales.  Inntrvmcnt  Itufi cations  should 
shrryn  bo  observed  with  the  eye  directly 
parpesrsiicular  to  tl;s  instrument  real©  and 
ovsr  too  poaiUca  of  tl«o  pointer  tip.  If  viewed 
at  ass  SEgle,  the  apparent  position  of  tho 
r>oir*45r  with  respect  to  tha  seals  will  be  at 
variKico  vlth  11s  true  poaitloa.  To  Resist 
In  ollreinatlag  th!*  effect  of  reading  at  an 
angle,  c .tiled  ths  effect  of  parallax,  hh;h- 
uccuracy  portable  Jnstrurcecia  uro  supplied 
with  a  tMn  knife  edge  pointer  ana  a  mirror 
scale.  In  reading  such  Inffirumerrh*!,  tho  oyo 
should  b*  positioned  go  that  the  pointer  com¬ 
pletely  obscures  Its  reflect  loo  In  tho  mirror 
since  this  will  place  the  eye  truly  perpendicu¬ 
lar  to  th*  scale  and  mate  It  poesdbie  to  teka 


aerarate  readings,  &  general,  mirror*  tor® 
cmiy  supplied  oa  portable  lastnaaests  tewing 
a  rated  accuracy  m  1  percent  or  batter. 

Multiscals  Instrument*.  Sec©  the  basic 
median!  em  of  an  instvunr  ;  can  fes  ut  :?i  for 
a  variety  of  voltage  range*  tim*gh  the  us* 
oZ  different  value*  of  series  resietaEC©,  a 
high- scale  voltmeter  can  have  ita  roatoisnea 
tapped  for  lexer  voltage  rang®*  with  th*  tap* 
brought  cart  to  appropriate  terminal®.  Stml- 
lariy,  multirange  milliainmeters  eas  b©  made 
by  topping  the  shunt  resistance,  acsi  the  two 
can  be  comblr  ' !  along  with  tl»  L’se  a”  th© 
mechanism  as  an  ohmmeter.  Thasa,  vsdt-chm- 
mliHnininetarfi  are  readily  ptrcdraccd  by  as- 
aodaied  rodotomce  circular  auxi  the  tap* 
aro  frequently  (selected  by  a  rotary  switch 
or  other  ewitciung  means.  In  tern,  0  multi¬ 
plicity  of  seals  figures  are  required  to  cover 
tha  several  raageo;  and  ia  tbs  casa  n 
cocnblcatloa  vcU-ohmmeter,  for  example, 
who  ••  the  divisions  are  diifscKit  tor  th©  tore 
functions,  two  or  mors  sctc  of  cbivi'stoss  may 
ba  required.  Such  instruments  are  very  use¬ 
ful  in  test  wosic,  but  groat  care  is  rapdml 
to  eolect  tho  apjiropriafa  rftugs  go  that  over- 
lead©  may  be  avoided  a«  ■aroU  as  to  read  oa 
tho  scale  aesociatod  wi.th  ths  range  being 
isoed.  Occaslcjiaily  niviiti range  penal  liu-ini- 
moflis  are  used,  and  morl  any  desired  ccun- 
bJ.nc.ti cans  can  bo  bull!  with  appropriate!  ri»- 
ci2t?.aco  nst’BTOilc®  and  frwltcfckvi.  The  grc&t 
ha  sard  hero  is  that  resuitnejn  is  ay  ba  Uksn 
on  a  rang*  different  from  that  eostoectod  to 
the  circuit.  Panel  Instruments  aro  ustailly 
linglw  range  with  a  alogl®  scale  far  a  specific 
parpo*e, 

PcJuler* 

Is  cauaectica  with  ecslsg,  rsouilca  shesdd 
bo  made  of  typos  of  pointer®.  IVfcils  must 
panel  inetrunjcn'.s  carry  6  pc-ar-ab.iptd  tip, 
the  requirements  for  rugged  count  recti  on  have 
mads  Hie  Bo-cullcd  lanco  Up  rather  widely 
ured.  The  pointer  itself  Is  simply  a  piece 
eti  this- vailed  Rcamlees  alumlosK  ’rhing  wUh 
t ; : r.  Up  pressed  list  and  cut  to  e  p:  t.  Pointer 
tips  should  be-  cuffic IsnUy  ls.ii-'  .  ..  be  readily 
seen,  with  a  pv tolled  end  o*  is®  esun-g  width 
a®  the  sjcalo  divisions  *o  U  ,.i  sa  approprlato 
secorato  reading  can  ba  ruads>.  Luminous 
pointorg  occnrlotully  are  required  for  elec- 
tronlc  oquipwftnt  and  used  wtd©V-  cu  the  air¬ 
craft  panel,  end  are  made  to  ha  4  width  of 
up  to  0.1  !r  lx,  f'©  that  ft  coaKlcici  jblo  amount 
of  lumln!  .,  material  can  be  ciuxledto  Identify 
the  pointer  In  dim  light.  Largo  switcfxbcvard 
lnsirumests  have  bold  Indicators  c, 'ace  ttey  are 
nvude  to  bo  read  at  a  distance;  portsbi*  ln- 
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■stxssEg^g  esxsf  Sag  kssiSa-edj&s!  gaSmtesre 
ior  dess  xeadiag  eitheF  directly,  or  reitSa  s 
sasgsifyfcg  glass, 

scales  as1®  ssai  white  fa  Satofe,  eb- 
SssiH8d  fsy  a-  fassse-fs^sd  lacipar  oa'  Eaetalj 
jpor-fals®  inatraaseata  earxyiag  JiSHd-dxmv® 
scales  ms  fraqnenily  ea  Msrtol  beard  e®- 
to  metal,  la  *M»  easts,  the  metal  ic 
-uf  ipsifab^w  to  serve  as  a  risiirrox  tliro&gb 
aa  apesfar®  adjacent  to  the  ecsl*,  ffi  the 
plater  63  slinsd  with  its  reflection  ia  the 
mirror,.  ?fea  eye  i»  truly  neEESEdiculas-  to 
thi  scafa, 

fhi  ;,  either  Ssaa3;  whan  c 20  is  operating 
at  irigbi  sssd  the  aye  is  dark-adapted  aa  in  aa 
airiilaao  ©x  od  snsmciwore,  the  glare  from  the 
white  Saleh  makes  the  scale  nearly  sairead- 
able.  Orifer  these  caaSUSco®,  black  bachgir^  and 
scales  ^lih  white  cr  iunsiceocent  diriKioa8t 
Sgoros,.  ami  point  sro  will  prove  most  uea- 
M.  Vkm,  the  selection  of  whit©  or  blech 
toackfsoassda  depends,  basically,  ops®  the  eedet- 
issg  yeanral  tUumioaiicn.  If  it  is  bright  with 
brig1-'  -33rjno«majngs,  standard  whits  geeloo 
ars  1ki  Sa  dim  light,  biack  sctilec  should 
ba  seleetriL 

Oeeaste  sib?  olhar  colors  are  ::sm4.  Rod 
divieio,1''  or  blocks  on  tbs  scale  ars  wied 
to  indicate  special  calibrating  point*  or  patois 
of  adjostmeot;  rod  bloUe  are  gomeiimas  u red 
to  indteat©  aa  overloaded  audition.  T  5  buff 
backiyrowd  sc  ala  of  the  VU  meter  waa  selected 
to  moderate  tits  glare  0 S  thes  c-ccie  where 
CCnUosocs  obacrvatic:.  f  the  seal©  Jo  reqidrod 
ler  long;  periods  of  iim®, 

Otboi?  scalo  snarMngs,  captions,  nominal 
Ml-wals  data,  and  the  like  are  require-’  aa 
tha  scale  M  only  the  unit,  measured  should 
be  in  large  type  (i.e.,  Amperes,  volts,  ate.). 
Supplementary  Information,  military  part  num¬ 
bers,  the  maker's  namo  gad  modal  number 
should  fee  km  alter  and  placed  away  from  Day 
main  sexto  sic  so  that  they  do  not  interfere 
with  dear  readability  of  the  divisions. 

Most  Instruments  have  the  zerc  at  the  loft 
and  progress  clockwise.  Occasionally,  special 
aircraft  iastrumante  are  rotated  with  the  smro 
at  some  odd  position  for  tho  primary  purpose 
of  having  ail  pointers  on  tho  instrument  board 
horizontal  vilwn  conditions  are  normal.  These 
are  special  conditions  and  tbo  majority  of 
Instruments  detiect  clockwise  from  loft  to 
right  acroas  tho  vortical  centerline. 

Instrument  Shielding 

Ktectrociaiic  obleldlng  is  needed  only  whore 
there  is  »  largo  difference  of  potential — over 


ffavsxel  teeirsd  TOSta-^-bafeseeaCss  iBetraass'.l 
p-jc-Mm  potential  and  cdj£JM«t  ccadaciteo 
parte.  Ttes,  a  raillteiassetor  1®  the 
gsteatSai  eteeait  ef  a  facie  traasssittex  chcaM 
tea  sMsMod!  by  a  ojatel  ease  unless,  to  tsp* 
cxsilta,  fessw  ra  e©  effects  aS  ito  Ugh  pv,  „ 
tsatiaJl  to  gscaiKS.  la  geasrai,  whea  fils®  sntfef 
eass  lo  eoaassted  to  aa  eotabJiaJssd  jwjtentialo 
the  msefiassisja  Ss  shielded  from  electrostatic, 
effecta,  fsttleldtog  need  be  coasiderod  cj'fy 
wham  ^atiSlc  eases  are  wsed, 

BSagsefto  sfcSeldiag  la  aa  Inctrosaejit  citato 
nates:  (i)  the  effect  a!  strong  external  mag¬ 
netic  aeMc  on  the  tatoraal  mechanicia  field, 

(2)  tho  ofioct  e?  mounting  00  sn  iron  jjaaol 
wMch  may  jrodace  ilia  interact  mschsmis© 
field  (bctSs  of  thnss  effects  will  emro  errors 
la  tb®  todicailoa),  sad  (3)  tbs  effect  of  the 
extemsl  leakage  field  ca  the  meeSsardsBa  c& 
other  lastromcngfl  each  aa  a  m.©j?n®t}c  com- 
pasa. 

A<n  oateraal  field  c-l  B  gauss  may  affect  g& 
umwieMed  d-c  tostmeent  m  much  m  %  j»r- 
cont;  lesser  fielae  can  usually  bedisicgardad. 
Heavy  fiotoo  may  ©scur  iia:st  to  a  sssagnetr®^ 
smts  ©ccaaicaally  a  very  haavy  cfecko  wip  hav® 
a  sufficient  extoraul  field  to  Effect  ssj 
luEfmneat  ta  close  prcMmiiy. 

Use  niiotveKe  effect  of  aa  imfe-mneat  Ssiis- 
»g®  field  cn  aa  aircraft  eompaca  ie  ppslleci 
out  to  detail  ia  epcciflcaficaa  for  aim-aft  . ' 
instrument  a.  Ho-OTver,  the  effect  of  an  m- 
BhieldB-d  d-c  Instrument  is  aocally  small  si 
dlstnncofi  fcayoad  §  feet  so  that  tills  mainly  r 
applioo  only  to  taoso  incirwHsonts  that  ay® 
mojusted  on  too  main  aircraft  InEdmnsnt  panel, 
ami  tc  thosa  that  may  be  adjacent  to  a  cam- 
paes.  Micceliineoue  oloctronie  oquiproetes 
mounted  elsewhere  in  aircraft  or  in  grosaaS 
equipment  can  genarally  be  providod  with 
inetrumaat®  without  regard  to  ©idranoowg  ef¬ 
fects  o»s  ottoix  items. 

MpgESflc  inr  *roment  panels  tend  to  reduce 
ths  air-gap  ilui  in  aa  unehleldod  d-c  instm- 
sn®nt  If  the  Iron  or  stool  panel  closely  sur¬ 
rounds  the  motor.  f?j>sci£jcaMoiss  taka  accocmt 
of  this,  and  tsneiocldod  insirumonto  may  be 
cbt:uned  adjusted  for  mounting  in  magnetic 
panels  bavins  a  nominal  thickiaaaa  of  0.0§ 
incis  (an  average  of  1/16-  and  l/8-inchp-.wuIs). 

Tho  effect  of  a  metal  panel  of  this  kind  ia  to 
reduce  iha  reading  rougidy  3  percent  if  tha 
ingtruruent  is  othorvdee  '.uieJdolaad. 

Iron  cases  will  r-hiald  tho  instrument  from 
the  effect  of  a  mot&J  panel  ol  an  oxtraneouo 
field.  Eocse  plastic-caaed  instruments  have  3  J 


sing  of  iron  inoMe  t&s  piaattc,  sassd  some  to- 
c&ramcais  arc  takeretiily  self-shielded.  The 
jnsggadlzed  inslramanta  are  specified  to  bo 
magnetically  eMslded aral  are  nesas Uy  firral died 
ila  Urea  cac9«. 

la  general,  tins  matter  of  magnetic  sMeltting 
mnsi  b ®  rscogni zed,  and  editable  ineimuente 
specified  as  coEajniltele  with  cayesieSaginag- 
uetic  panels,  'dorsal  fields,  or  cosapaases 
Ksoonted  nearby. 

Zero  Corrector 


Because  the  coated  spring  os  an  indicating 
instrument,  against  vrhicfc  the  electromagnetic 
force  la  measured,  must  be  made  of  oca- 
magnetic  materiel,  a  breeire&.Uoyioordtaa?ily 
used.  But  even  baryliitES  copper  springs  may 
show  a  pernianont  act  after  having  been  ©ob¬ 
jected  to  the  shocks  al  shipment,  stud,  la  spite 
of  ths  best  metallurgical  trestaseute),  bronze 
spring  matorlsxla  will  drift  with  tirao  from 
their  initial  ireo  position.  A  aero  corrector, 
therefore,  allows  rseetfing  ice  pointer  to 
liero  as  thee®  cited  a  become  erjeant.  The 
amount  of  correction  !e  usually  Limited  to  about 
3  degrees?  on  the  seals  arc.  Springs  rarely 
shift  tiiis  maximum  amooat  If  properly  manu¬ 
factured. 

However,  r>  aero  corrector  is  difficult  to 
design  into  a  email  instrument  or  cno  which 
la  to  bo  sealed  and,  m  it,  saro  cor- 

rectors  are  ordinarily  not  supplied  In  the  i- 
inch  instrument*.  ££LL-M-€B  require*  all 
unsealed  instruments  to  have  aero  correctors 
bat  does  not  require  them  ee  e-i-'-lett  instru¬ 
ments.  Ruggudized  inotrumonie  per  M1L- 
I0-KHA  fire  not  required  to  hare  external  sere 
correctors  oo  ths  I.5-,  and  3.5-,  and  3. 8-inch 
fires,  although  many  manufsetorora  supply 
them  as  good  Ine'.rusiont  practice.  The  4.5- 
inch  inetruraeuts,  however,  under  &0L- 
10304 A,  aro  required  to  have  scro  corrector*. 
Ail  of  the  larger  sized  Instrument  a  and  port¬ 
able  instruments  ordinarily  carry  zero  cor- 
rector  a. 

AH  of  tiV  above  applies  to  instcument* 
having  a  free  ..ero.  Certain  types  of  frequency 
meters,  power-factor  meters,  ratio  motors  of 
any  kind,  and  Instruments  having  a  suppressed 
zero  are  not  furnished  with  an oiiorncl adjust¬ 
ment  of  this  type,  since  there  Is  no  fro®  son? 
to  correct 

Mounting 

Provhrione  are  generally  furnlniwl  with 
panel  Instrument  for  proper  mounting.  For 


ror&&~Vaz:g*i  fl-oasi-typs  ingteuKeatc,  rourS- 
head  black-fteishod  screws  with  apprepriet# 
nuts  and  wanfearo  are  called  for  In  the  military 
spseifi  caftans  asfi  are  ordinarily  supplied  m 
cc  mmerda!  wiraionti  as  well.  For  the  rec- 
tengular-fiangs  and  soma  otfear  types  of  lmdra- 
meat,  there  are  frequently  furnished  ante  sad 
washers,  sad  efeda  molded  in  tho  flange  to 
function  m  psmsanontly  affixed  scroti®. 

Inatrumsata  which  carry  special  aircraft 
flanges  fflay  have  braes  inserts  in  ths  cor  rare, 
or  sheet- metal  locking  nuts  may  be  »3p<scified. 
There  Is  also  the  so-called  clamp-type  caae 
where  the  metal  instrument  ca so  tomtinaie* 
in  a  grooved  flange  at  the  front  or?  which  can 
be  Socked  a  separata  mconfing  flanga  for 
attachment  to  the  aircraft  lnrtnuaen*  panel 
No  details  oi  time  arrangements!  aro  shown 
here  boeaaae  auca  inetrurafiszts  aro  generally 
not  u&ed  eacept  on  tho  main  instasmofit  panel 
for  navigational  and  engine  ioatnsr-tacis. 

In  the  nsamtw  o£  Inetrantants  having  a 
flange,  care  hcwld  ba  taken  not  to  cull  up  m 
tho  mounting  screws  to  the  point  where  a 
warped  or  uneven  Inetnunsid  penal  w&sld 
cause  ti®  flango  to  break.  3'! tin,  govt  rubber 
gaskets  eosnetimes  are  used  under  Slw  in «tr?re 
ment  flango  to  goal  the  Interior  <tf  tfeo  box  os 
darice  oc  which  tire  inelrxunent  is  mounted 
faxan  entousce  td  dust.  S'—tinriy,  a  como- 
what  haxvicr  gaeket  may  be  used  in  con¬ 
junction  with  the  ruggedlsod  instrumoEta  to 
form  a  completely  watertight  *oal.  InetrR- 
moBts  of  this  class  aro  gccorally  iurulr-hed 
with  much  heavier  nsetal  flanges  VTiiich  will 
allow  for  polling  up  the  iastrumcni  ayaingt 
the  gasket  without  distortioa. 

While  panel  motors  are  customarily  mounted 
mi  a  vertical  board  with  the  pjds  horizontal, 
exT'-aricncc  and  atucly  have  indicated  that  bear¬ 
ing  irictioa  Is  much  less  if  tho  lia.vtnnnerd 
aria  is  vertical,  since  in  this  poiliion  ths 
bottom  pivot  relates  on  ils  ertrome  tip  and 
ti»e  upper  pivot  becomes  merely  »  gulda. 
bearing.  For  thie-  reason,  the  more  precis* 
port ch to  IcKtrumenis  generally  are  o;>o rated 
horizontally  with  &  vertical  axis.  If  panel 
inatruruenta  arc  used  in  a  precise  application, 
bent  remote  will  be  obtained  if  the  face  is 
horizontal  aixi  the  axis  vorticaL 

Mounting  Is  concerned  vdth  friction  effocta 
o,aly.  Vibration  and  shock  effects  appear  to  to 
ilttlo  different  whether  Inatimmonts  aro 
mounted  In  a  vertical  or  horizontal  position. 
;Any  Insti—.rrsent*  which  are  to  be  U-ejKcpo.rted 
frern  cno  luCKtion  to  another  in  a  car  or  on  a 
train  siiould  be  placed  upaicta  down  on  tbo 
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etcMona  la  tMs  pegitiea,  say  shocks  will  be 
abe-orbed  by  the  xsppes  bearing,  while  tho 
lowar  bssring,  which  to  the  critical  one,  floats 
withoast  being  damaged  by  pounding.  The  upper 
bearing  i*,  in  os©,  the  guide  bussing,  and 
iasiasr  fisfomattons  caused  by  the  shock  of 
travel  will  rarely  canas  difficulty  in  actual 
tics  to  a  Romai  position, 

Temlaala 

There  are  many  type  a  of  terminals.  Most 
commercial  instruments  are  furalehod  with 
threaded  terminal  studs,  and  the  various 
opeclQcations  cover  the  aumeroua  sices.  R 
is  good  practice  to  clamp  lug-typo  solder 
terminals  under  the  nuts  and  washers  of  each 
terminal  and  to  solder  circuit  wires  onto  that 
terminal.  Placing  loops  to  fine  wires  fam 
clomping  on  sn  instrument  terminal  is  gen¬ 
erally  Ifov/ned  on  unless  the  wire  ie  No.  1@ 
or  larger, 

Ituggedissd  instruments  are  frequently  fur¬ 
nished  with  solder  terminals  jsoldortorrain&to 
omorging  from  the  lustrum  out  caco  are  man¬ 
datory  to  come  instances.  Assembler  of 
olectrcaic  equipment  are  generally  prepared 
to  work  v/lth  solder  terminals.  Switchboard 
toctrumonts  oS  larger  si  bo,  howovor,  are 
always  furnished  with  threaded  terminal*)  and, 
o.f  course,  portable)  Instrument  are  supplied 
with  binding  posts  appropriate  lor  tho  cur* 
rest  and  voltage  cl  the  particular  instrument 
circuit  involved. 

Instrument  torminala  jure  for  connecting 
purposva  only,  it  to  considered  bad  practice 
to  bang  another  component  on  tliece  Instru¬ 
ment  terminals  utlIcsb  the  component  Id  Bn 
instrument  accessory  epseiflcally  designed 
for  that  purpose.  Further,  when  conn  ting 
heavy  wires  to  instruments  an  required  for 
cc rt\-oit  circuits,  too  connecting  wires  should 
bo  either  flexible  or,  if  solid,  formed  into 
a  loop  oo  that  the  movement  of  tho  wire  itself, 
transmitted  from  other  equipment  to  which 
the  wire  may  be  connected,  vrlU  not  cause 
continuous  vibration  of  the  terminal  r  h 
resultant  dam  ago.  In  a  particularly  bad  caco, 
n  short  stiff  rrire  from  r  large  toning  induct¬ 
ance  was  clamped  under  the  threaded  terminal 
of  m  r-f  ammeter.  On  vibration  lost,  tho  coll 
vibrated  In  rcnionanca  and  completely  dostroyed 
tho  Instrument  by  transmitting  this  motion 
to  lta  terminal  stud  and  breaking  the  internal 
comtections. 

Where  Bolder  terminals  are  used,  tho  cir¬ 
cuit  wire  should  be  lcopsd  over  the  solder 


terminal  an£  the  tctoal  aoldarla^;  sgost.t9«a 
should  b®  sufficiently  rap’d  ts>  mvsid  51® 
transmittal  cf  heat  through  ths  teastei  Ms 
tbs  interior  of  the  iastruBaoRi.  Svtra  ttaq^i 
tbs  cpecificctiffi'e  state  that  tha  Saisraal  e$a- 
nectiona  shell  act  epea  with- a  eoliesteg  tess 
used  externally,  it  is  deemed  good  prasSSs® 
to  make  the  esteraal  soldartag  s^ss'ciicas  m 
rapid  as  possible. 

ENVIRONMENTAL  PROBLEMS 

In  addition  to  normal  aarardr,  te  wfcldi  assy 
sensitive  device  is  subjected,  electrical  meas¬ 
uring  instruments  must  be  able  to  wittetaca! 
certain  degrees  of  vibration,  shock,  vaff.tntSasa 
in  temperature  ami  humidity,  everfsKd,  ssf3 
other  factors.  Difficulties  during  World  War 
n,  when  coaventionnl  insiranauSs  mzc  tfc-ivw 
aged  by  fungus  and  high  humidity  as  'trail  aa, 
the  shocks  msd  vibrations  o?  normal  ailitary 
service,  led  io  the  development  of  tie  yugesl- 
teed  instrument*  now  available.  They  e&ssM 
be  specified  and  used  when  conditions  srs 
likely  to  b«  more  Itasardous  than  conveaticsaS 
instruments  can  tolerate. 

Temperature 

Conveuticoal  instruments  are  designed 
built  to  operate  from  to®  Iroezirqj  pcM  to 
perhaps  160  F  without  danger,  ©ssc rtfi  tSa£ 
they  may  absorb  moisture  at  cue  terns-oratora 
and  condense  that  mol  shirs  on  internal  part* 
when  cold.  Higher  temperatures  require  so¬ 
cial  handling  of  the  cements  usod,  with  185  F 
probably  being  tea  top  allowable  tempo  rebars 
fa?  tho  ruggodised  toMuateiita. 

Altitude  and  Pressure 


In  uneeale-d  insrtramerrts  high  altlttsds  sad 
rapid  pressure  changes  may  cmiso  moist 
air  in  the  instrument  to  condense  and  possSKy 
result  in  corrosion  aad  other  difficulties.  E 
i  e  to  be  noted  that  an  Bir-dmnped  tostrorssest 
locos  damping  rapidly  as  the  pressure  ia 
reduced.  Sealed  inilrumocts,  of  cowrc-..,  are 
rmaffocted. 

Humidity 

Humidity,  when  ovar  SO  porconi,  can  cassa 
plaatic  csseo  to  mcell  ami  loosen,  and  esses 
corrosion  in  most  vnrieUos  cd  unrecilcd  to- 
atruruent*.  Where  continuous  high  humidity 
or  cycle*  of  it  may  be  encountered,  cooled 
lntiruroentB,  lacluding  tba  ruggedited  ty-psy 
are  the  best  nasww. 
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Shock  ana  TO5.?s£1gb 

The  cjs@otica  is  frequently  raised  as  to  tbs 
Hfa  of  n  measuring  instrument  Experience 
Ms  Indicated  that  unless  cubjset  to  electrical 
or  mochanical  overload  rosaltlng'  in  thermal 
or  mechanical,  failure,  the  breakdown  <£  a 
rectifier  or  tfea  burning  out  of  a  therm  -element 
or  a  spring,  the  life  expectancy  of  ea  iaatrE” 
ment  is  many  years.  Pivot  wear,  as  such, 
rarely  causes  difficulty  and  instruments  haves 
been  Inspector  which  Ssavo  indicated  U»a  iadi- 
victual  dots  and  dashao  on  a  telegraph  sysieta 
for  many  year*  with  only  moderate  wear  of 
the  pivot  tip  sind  are  still  In  good  operating 
condition- 

It  should  be  noted  that  a  sharp  bl  -j  on  a 
table  ca  which  an  instrument  la  stoncUp  •  w*" 
damage  the  instrument  pivoto  by  th<a  sharp 
reaction  of  that  blow  to  the  Instrument  struc¬ 
ture.  Such  oharp  blows  should  bo  avoided. 

All  infstnimcnis  era  subjected  in  a  grants? 
or  le soar  degree  to  thono  hazards.  Ccumta- 
tioaal  panel  Instruments  and  portable  instru¬ 
ments  will  withstand  shocks  of  several  times 
the  valna  of  gravity  or,  say  3  g,  and  y  lb  ration 
to  a  limited  degree.  Military  applications, 
however,  are  such  that  much  greater  vibrsticsi 
may  bo  applied  to  the  instrument,  and  shock® 
of  large  magnitude  are  always  possible  iu 
handling.  Thus,  military  inotrumenta  have 
been  designed  particularly  to  withstand  shocks 
and  vibration. 

Shock  la  always  reduced  whore  ths  instru¬ 
ment  is  mounted  in  a  piece  of  apparatus  be¬ 
cause  of  tho  attenuation  before  the  aboch  or 
vibration  is  transmitted  to  tho  Instrument 
Tho  jctuid  amount  of  vibration  found  In  a 
plane  is  not  unduly  great  nor  wo  high  shocks 
usually  encountered.  Extreme  shock*  are  en¬ 
countered  v/hen  instruments  are  mounted,  for 
examplo,  in  a  tank  nndv’hcn  tho  turret  receives 
&  direct  hH.  On  shipboard,  the  Navy  Deport¬ 
ment  requirements  for  high  shock  are  ee~ 
tiibliahed  primarily  so  dial  the  equipment  in 
question  can  be  used  after  tho  cihip  has  re¬ 
ceived  a  number  of  hitu,  but  la  still  able  to 
navigate. 

Primarily,  high  shock  end  vibration  damage 
ths  bearings  of  sr  inertrument  by  flattening 
and  distorting  tho  plvoin  or  oy  cracking  ths 
jewel  bearings.  Eriromoly  high  shocks  may 
distort  tho  moving  lystara  so  that  it  will  past 
swing  clearly  In  ita  tirgap. 

Instruments  designed  to  >,  i th s bind  high  shock 
and  vibration  ufm'Uiy  have  a  vibration  tcolst- 


tegmcajsS  incmTforatedtafSeajj  aueh  m  ® 
fesv  ahoe&  saoeat  isolating  Sir  lEechaaicis  fers 
the  case  or  hoosdag.  Db^sf  heavy  shock,  its 
satir©  sEschashejB  mvg  rsawta  feat  the  oltocfe  && 
sncstSy  absorbed  casS  etmrklcraWs  tSasasga  §0 
prevented.  Ir.  saefe  Instnrrso^B,  tho  fee&riao* 
arc  spring  supported  m  feat  usuSoff  heavy 
shock,  which  would  cause  fcs  pivot  to  prae® 
tat©  the  Jewel  and  deform,  thanyrkg-oupyorted 
jewel  will  give  way  and  refcrect  to  allow  tfea 
pivot  bans  to  take  the  premire  agak<«t  ths 
fcce  ef  ifco  Jewel  screw. 

Vibration  may  also  aiferi  tfca  scale  posilisa, 
©cjilss  for  high  vibration  are  frequently 
crimped  between  rubber  absorbent.  fipringa 
for  co-cfilled  ruggedis@t1  faatrumems  terd 
to  ba  somewhat  eborter  tbsai  good  accuracy 
would  dicatats  so  that  fey  may  bo  mofe 
relatively  stiff  and  not  vlfercSo  in  rasooaBca 
with  ressating  cSeforaattea, 

In  gctsjraS,  all  <&  tbs  afcovs  factors  as® 
considered  la  the  doeiga  c?  ruggodlssd  is- 
ctrumeato  covered  by  ML-M-10304A.  ikr:h 
ineinvsests  tend  to  be  eisgcsaivo.  Further¬ 
more,  tfea  features  required  to  produce  to- 
ctros nests  t®  trltotaai  iar-gs  values  of  cheek 
and  ri'sratioR  are  sot  noecasjurily  ccmhtciva 
to  high  ascaracy  and  if  ths  rufsqcdlxed  is- 
6jm.mc.Ets  ora  cot  require^,  bettor  r staEs 
can  be  oht&laed  with  lnstmaents  of  a  soar* 
cmvm&cz-sl  iypsu 

Moderate  rib-sbon  Sg  cot  ranch  of  a  prob¬ 
lem,  bat  occttouoits  2nd  fesevy  vibration  tteda 
to  wear  tbs  pivots.  Vibratioa  tost  cycles  art) 
epeclfied  ia  most  military  sssjalromsai*  «;sd 
a  great  cteai  cl  wort'  Ms  bee®  etono  to  irapi'ovw 
tiro  feesrisg  situation.  Highly  eeoaltlvo  mtere- 
aausfiers  of  low  torque  rctpdn  sharp  pivots 
to  EVoSd  frictloeal  ediccia.  VlbraUo:;  rill 
inevitably  blrsst  these  pivots,  with  coosequasS 
apyjireei  sticking  of  tho  pciators.  Highly  om~ 
efilvo  luatnuasnts  eisould,  ifeorefore,  tw  iso¬ 
lated  through  shock  absu.rbev3  from 
Tiber:  iicti. 

Stnllariy,  tdgh  shesik  may  damage  iho  bear¬ 
ings,  although  modern  apslij^-cur.coried  jvvrals 
can  withstand  enormcns  sboc’se.  RuggejUtad 
iactsvunscts,  mountod  in  a  pansl,  for  esampc?, 
kto  .spocliltxi  to  bo  tented  by  bring  struck  by 
a  hammer  falling  a  dofiniis  distance.  If  heavy 
shockiv  are  to  be  encountered,  tbs  raggodisad 
imrirumraits  will  best  fit  tba  need.  Accoloratio* 
ia  ol  vteccsictiry  imjxjriatico  sines  the  movt^; 
tyeiom  Is  noocBsarlly  balanced.  Accelaratiosi 
of  high  value,  an  la  jxroj&cUh.'S,  can  ba  altao-. 
lated  by  shock.  Cu  tbo  othor  hand,  lndicatlsg 
tnstruasaota  rarely  are  itt'ad  oxter  accalers— 
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ttes  cuiut^i-am.  say  conMdassMs  lesgtk  cS 
ttifcv-  s.hlsi.  #i*£fel  esasea  damage. 

Dust,  Sand,  CCfse^caa,  aad  Fez  -w 

Exposure  ts.&ssJ  sad  aaiKi  is  ;?®sjkontif  & 
requirement  Seated  lastsruBiesito  appaas1  t© 
be  tb;i  approprisia  answer  to  tMs  problem 
although  ccnveeSteal  panel  lEjJirusaaaig  gas¬ 
keted  to  a  panel  ara  frequently  found  sa&a- 
factory. 

Corrosive)  stejcspfesiw  asS  fungus  simply 
accelerate  tho  ©Secta  of  HgSs  humidity  in 
corroding  Internal  metal  parte  aac3  daetroyiRg 
Inaulaiion,  Wtans  thsiss  ce3dltS©3  prevail,, 
sealed  lnsirexaeTiaS  appse  to  ha  tfea  best 
chcdea,  with  the  wifely  used  ira®gedJ*ed  in¬ 
struments  she  typs  most  comiacrly  obtainable- 

Radls.tloa 

Ths  effects  ®2  m'i&kim,  ultraviolet,  or 
nuclear  rays  a?.  >  quits  limited.  Srashiae  aasi 
ultraviolet  rnyw  will  fado  eoraa  colors,  par¬ 
ticularly  red;  black  talt  appears  to  h®  Isamunc 
tsi  thia  difficulty.  Th«jre  has  been  no  evidence 
o.i  the  effects  eS  nuclear  radlaiica  provided 
the  intensity  is  euch  that  it  Is  safe  for  an 
o5)39ivor  to  ag^sosch  the  instrument  within 
reading  distance. 

Summarizing  ®m  environmental  conditions, 
case  may  say  that  ccaretifional  panel  inatru- 
ments  may  bo  t;s©d  in  any  laboratory’ or  ground 
statioa  in  tho  ccoUsontiil  United  Si  ate  o  and, 
generally,  tei  aircraft  of  conventional  type. 
Bn?  military  recrements,  which  may  cover 
uisago  from  the  tropic  a  to  t ho  arctic  and  ship¬ 
ment  in  any  hied  of  vehicle,  will  probably 
make  the  repressed  typo  cf  instrument  neces¬ 
sary. 

Overloads 

.  In  the  ippUcattupiof  Instruments  to  electrical 
equipment,  it  should  t>a  noted  that  electrical 
overloads  may  be  of  cove  cal  kinds.  Instruments 
may  fail  mectsarically,  thermally,  or  by  elec¬ 
trical  breakdown 

Mechanical  failure  duo  to  electrical  over¬ 
loads  may  occur  by  a  sharp  stoop  stogie  poire 
applied  to  a  niilHajaraetor  which  may  siemtha 
pointer  ana  area  it  to  bend.  A  highly  charged 
capacitor  a  larpa  capacUanco,  apparently 
inert,  can  b, .  :.i  ths  pointer  o(  a  low-range 
vuUliammctcr.  linj s ,  in  applying  instruments  t-o 
circuits  where!  heavy  filter  capacitors  are  in¬ 
volved,  aorae  Icalu^.o  path  to  dlnc.hargo  the 
capacitors  ia  m<*i  doelrable  io  prevent  tliis 


typo  (£  electrical  shot*  great  staaagteg  Site 
imkrwsaent  safer  afcaorsaal  esjadlitas. 

gtallasiy,  a  moderately  Jraivi  ^m-gt  assy 
even  burn  cut  tfee  inotrumskt  aprlii^  or  ike 
beater  of  a  tbsrmoanunetsr  witfeati  BKish 
snctica  of  &s  pointer.  Sadi  surges  would  be 
toudt  shorts?;'  lira  the  time  eoftat&aft  <s2  the 
Imtromaat  and  it  is  extremely  emb-armsaiag 
to  have  aa  instrument  burs  cnai  before  ttes 
pointer  San  sao?*d  materially.  H  t&3  ctasvfit 
arrangement  Is  -sssch  that  this  may  feappa, 
a  l- ml  cajcsilsr  serose  c  d-e  nilcrmffi" 
meter  will  frequently  bypass  any  sssb  aungoe 
in  a  4-c  eyetoaa, 

Voltage  surges  occur  rather  eeldosa  although 
it  might  ba  pointed  out  that  ths  curiresi  tei^o 
to  fcha  provlcas  testance  m?,y  iawa  each  b 
(stop  wave  front  that  ths  voltag®  duveiopsd 
between  turns  cf  the  actuaiicg  eoll  saay  b.Ta.ih 
do.Tn  th®  tasulnticn  between  thoss  toraa  and 
effectively  chord  circuit  some  dt  them.  TM^ 
will  result  U:  -r-rooecoo  rem&cga  ©ad  i« 
hasard  which  aV„.  ’VI  bo  prevented  by  eo-.,  - 
aldoradca  of  tb’u  po^elbillty  ami  tbo  bso  of 
the  prsventlv-r  capneitor  ilmsitlfthagcsalMlity 
of  smeh  surges  exist, 

Therr-xal  overloads,  esgeadsSy  over  periods 
of  minute*,  can  occur  particularly  In  tt  smeas- 
nramafli  cf  the  average  valiso  of  pulsed  car- 
rents.  It  must  b®  remembered  that  d-c  in- 
atmnenta  indicate  an  a  trsurlev  of  tfsa  aves’aga 
value  cf  that  current  tort  aio  butted  by  tho 
effective  oi'  nsn.  valus  eg  that  current.  For 
ossunplo,  a  100-amy  p^ilsa,  1  .mUUi'CCona long, 
repeated  ten  times  per  second,  has  aa  aver¬ 
age  value  of  1  amp  and  would  co  Indicate  oa 
a  l-amp  metsr.  Bui  the  fm*  or  eflactivs 
m’  heating  value  of  this  current  i«  U.  .ap 
a«l  the  S-axnp  ohunt  la  a  convcnticmal  1- 
emp  instrument  VTmild  be  badly  cverfcasted 
by  thle  continuous  ovorloari  acd  might  even 
melt  cut  or  fail  in  it#  soldered  ccmce-ctlcsis. 
Cu  tbo  other  h;md,  for  such  applications  where 
the  problem  1»  knows  and  stated  to  5a«  in- 
strument  manufucturer,  ovor-capscity  shunts 
cao  be  furnished  to  withstand  this  thermal 
ovcrlcsid  iu  a  satisfactory  rammer. 

to  cloaing  this  di&cus-slon  it  must  be  ^.nlntod 
out  that,  not  only  si(c/.iid  the  best  sta.udard 
inijlruraent  ba  u&ed  if  posetble,  b«t  also  that 
there  is  rm>ch  tha  designer  cf  olectronle 
erpn,.ment  can  do  to  protect  the  Instruments, 
ctrcultwlse,  from  ths  liarards  of  overloactlng 
by  eerge*.  He  should  recognine  that  over¬ 
loading  may  bo  inevitable  la  certain  appli¬ 
cation*.  When  the  problem  is  tmosn — and 


this  Is  the  equipment  daoigner’s  domain— 
special  Instruments  can  bo  furnished. 


INSTRUMENT  DESIGN  TRENDS 

T&e  trend  5s  toward  the  tssa  of  strallsr 
end  more  compact  magnet  systems  which  sire 
magnetically  t.'-tter  shielded.  TSiie  ie  an  Im¬ 
portant  factor'  relating  to  the  Accuracy  of  in¬ 
struments  operated  in  draig  magnetic  Balds, 
such  as  near  a  magnetron.  The  better  shield¬ 
ing  also  confines  the  magnetic  field  to  the 
instrument  itself,  thus  avoiding  harmful  ejects 
mi  nearby  equipment,  for  example,  a  magnetic 
compass.  Of  courea,  instruments  have  been 
made  more  rugged  in  recent  year  a,  both  as 
to  electrical  loads  and  mechanical  shock  and 
vibration.  Better  besringo  and  stronger  ma¬ 
terials  are  continually  being  introduced.  Ear- 
Biotic  sealing  io  available  inmanyinctrumeats 
to  eUmincio  the  effects  of  moisture  coodeit- 


oatlon  due  t©  rapid  vasiaite®  Ss  aasbicat 

temperature  and  tusnldU^ 

SELECTION  OF  mSTSUMSSTfS 

Si  tfes  trMatica  bste^,  i§»3  emial  typos 
cl  instrument®  used  for  ssseanairfjigSfes  charac¬ 
teristics  oi  the  power  la  as  elecMc  clmSt 
are  listed.  However,  tha  listing  ia  not  ex¬ 
clusive  and  cfeculd  not  be  coar&?or©<S  as 
limiting.  For  example,  tha  thamaS  ssaj aater 
is  an  excellent  instrument  for  ss®  at  69 
cycles,  but  since  Its  overload  limit  is  ©alp 
100  percent,  it  will  barn  out  ®a  motor- 
starting  currents  where  tfe®  to)  vnsa  insure:- 
meat  will  take  ton  times  normal  Sosd  for 
several  secncds  ant!  r&mair.  iatasl  Table 
3-6  thus  represents  tfes  hast  gssswi!  se¬ 
lection. 

In  Table  3-0,  it  Is  assssaed  Sfeat  for  d-s 
sneasuromeats  the  aver&gg  valua  Is  wsatod, 


Table  3-6 — A  Guide  to  tSw  Ssiectioa  d  kSaaaxa’fcag  iks-irumoats 


Kind  of 
pwor 


Volt*fre 


Quxctify  to  fca  R-;sssr#d 
Current  j  5oT;ar  } 


D-C  con-  F«snitn»nJ  msgrwt  PJ£"4C  i  Kleetro- 


ttnucua  movlnq  coil 

(PKMC) 

Pulsife;.?  PMMC 

[a  ,s,i) 

A-C  Iron  v&sw: 

4C-i08  Reel.  type  (!) 

epo 

101-2000  Comp,  iros 

c,t*  vtitrr. 

Rs-ct.  type  (I) 

3,000-  Root.  type  (1,  8); 

SO, 000  TU-si-tor!  type; 

cps  Vacuum  tutw 

volOnoUr  (VTVSU 

20,000  Therms!  typa  (5) 

ctss  VYm 


Iron 
v# a»  (5) 


Thermal  Tberasal 

type  Tf.i! 

co»  vest  er 


Thansal  {3) 

type 


yVctjasmcy 


dynsiutwisio? 

(!>/«) 


Srwd;  Other  PoTAU 
typoa  I  isctsr 
|  lasv^r 

Slosd:  oti-*r  I  Potts’ 


K'aciroBto  I  Si  i-sr trends 


Elvciroale  Sisetrosis 


1  ,o  100  VTVT.J 
SSc 

100  Uc  K p  VTVU 


Thcrnixl 

type 


Hectrosie  SIocItok-'c 


E’  icirocic  Hcctrosis 


Holts:  (1)  Rasde  av'eragii  volts* 

(2)  Ues  elcclrodynsssotseior  or  Iron  van*  type  for  mse  vahw 

(3)  Tbc-rtuai  instrument*  will  Indlcifa  rasp  value 

(4)  Us:®  electronic  jiteO  poise  counter 

(5)  Preferably  compensated  for  tho  freejasney  la  u*e 

(0)  Rarely  rnesnuriU  cUrvctly,  deiertaloe  by  roll  a-*  atros®  a  Us&m  lets! 


"«*■  *  ***-  '****“ 


14$) 


sad  for  a-:-  msaanromertt#  tf<5  rats  rates  !# 
waatetf. 

BO'S  AM)  DOKT^ 

to  tfe»  sppKcatSon  'e#  jane!  gnste«B2K& 
to  electronic  gear,  attention  tr  call®#  60  a 
briaf  list  of  important  f&ctorss. 

Do  salc-et  ranges  where  normal  operation 
will  bs  to  the  upper  half  of  the  ccale,  areaad 
S/4  scale  for  bast  roccliB. 

Do  select  meters  appropriately  astjasto^ 
for  tha  pans!  being  used,  magnetic  or  n®- 
snagnofcic,  or  use  shielded  meter*. 

Do  determine  the  effect  of  any  motor  ®se& 
ca  tha  circuit.  Run  calculations  accurately 
until  it  is  clear  the  effect  5c  c®giigihl»; 
alternatively,  ii  the  effect  is  dafisdte,  tesaw 
what  St  1*. 

Do  determine  the  particular  military  g4sssE- 
srd  corresponding  to  the  application, 
select  meterg  conforming  to  that  etardareL 
If  tfc®  standard  Includes  a  list  c£ 
make  the  rangs  selection  from  that  list. 

Don't  west  so  high  on  u  mater  scale  that 
the  pointer  la  frequently  off  scale;  120  veils 
full-scale  is  not  high  enough  far  lisa  vcit- 
age,  use  *  160-volt  rang*. 

Don’t  work  so  low  as  »  mail  or  cS  ts&'jcv 
that  readlngo  are  below  half  seal®;  tlsa  meter 
can  safely  stand  full-  train  po^rcoatiBwaely. 


vibratisa;  if  equipment  is  subjected  to  vibra¬ 
tion,  uos  flexible  leads  (stranded  cable  or 
Hda  strip}  for  heavy  current,  c-snnacticn*. 
S  tha  meter  has  threaded  studs,  use  appro¬ 
priate  colder  terminals, 

Don*l  use  a  d-c  meter  for  m&teurlsg  pulesd 
dc  unices  the  thermal  capacity  of  tbs  meter 
will  iiaadls  the  thermal  loss  produced;  assume 
the  maximum  allowable  thermal  lose  la  watts 
la  tfos  meter  aa  twice  the  full- scale  loca  undo? 
normal  condition*  of  pure  direct  current 

Dost  Insist  oa  many  fine  divisions  era  the 
meter  scale;  coarser  divisions  as  fteccrlbed 
make  for  fewer  reading  errors  with  adequate 
accuracy. 

Don’t  attempt  to  Chech  an  a-c.  panel  meter 
cm  any  frequauey  but  that  for  which  it  was 
adjueted.  Make  certain  tho  standard  ifl  known 
to  be  correct  at  that  frequency.  All  a-c. 
rooters  arc  adjusted  for  60  cycles  unless 
oiherwisa  chstod. 


Don't  psll  up  too  tightly  en  too  moulding 
screws;  ltd  only  may  they  bo  stripped,  they 
may  al  to  dintort  the  instrument  Haag*  if 
the  panel  ic  warped. 

Don’t  transport  rooters  faca  up.  By  traar- 
porting  them  fs.eo  down,  tho  more  important 
lower  jo  wed  bearing  i*  preserved  for  normal 
f  ace-up  operstices- 


Bont  mount  an  unshielded  useto?  as  a 
untie  panel  unless  calibrated  fee'  aaraa. 


Don’t  hang  gear  on  the  met  or  teracteals; 
they  are  for  mailing  connections,  sot  for 
supporting  squipmeid. 

Dost  use  stiff  consaections  to  tbs  metes' 
terminals  which  may  tr  an  afar  raechgjdeii 


REFERENCES 

Millar,  John  H,  “Frequency  Com pensalioa 
&  A-C  la  strum  cuts,  ”  A1SS  Transactions, 
Vol.  70,  1961. 

.  Smith,  U.  I..,  "A  Trancdocer  Type  Fre¬ 
quency  Meter,”  AIES  Trans actions,  Vol. 
74,  Fart  1,  16S&. 


BELSOGRAPHY 


Harris,  P.  K. ,  "Ktecirical  Measu.resiso^a,” 
John  Wiley  L  Sana,  Inc.,  Now  York,  li?S3L 
Henncy,  Keith,  Ed.,  ‘■’Radio  Engineering  Road¬ 
book, ”4th  Ed.,  McGraw-Hill  Book  Co.,  toe.. 
New  York,  1951. 

KiwwKcd,  Archer  K.,  Bd,  '‘Standard  Hand¬ 
book  for  KloctricaJ  Engineer*,''  3th  BcL, 
McGraw-Hill  BooJs  Co.,  Inc.,  Now  York, 
1849. 


Laws,  Frank  A.,  " Electrical Measurements, ” 
McGraw-Hill  Book  Co.,  Inc.,  New  York, 
1958. 

fencer,  James,  ‘‘Maintenance  and  Servicing 
o4  Electrical  Irojirumente,”  3rd  E<i,  Inr.tre- 
rosnte  Publishing  Co.,  Inc.,  1951. 

Encyclopedia  Britamdca,  1957  Edition,  "In- 
ftlr.unent*,  Slectsical  Measuring..’’ 


158 


ComrocB  Co"'  ::.asrciftl  Types  .......  152 

Properties!. . .  138 

Printed  Conductor,.  .............  156 

Bend  of  Uv*  Conductor  . .  If*® 

Definition  sekI  Registry.  ..........  18? 

Conductivity  end  Tomperatoo  Hic«  .  -  187 

Metal-Clad  Lasoinaie* .  lBf 

Mechanical  and  Thermal  Properties  ..  168 

Conductors  vu.  Insulation  Basietanca, 
Coatings . . . . .  160 

Co-'ttng  Density  . . .  .  IBS 

Dielectric  Characteristics; 

Capacitors,  Inductors  ..........  133 


■%5si£ailoe  . .  1SS 

AjisueMf  ef  Cssagostsata  .........  1@S 


B»3lpi  ftoqpiiresasafs  and  Procedures.  i5T 
icp-bj  wiiep  Procedures  for  Layout  ,  IS® 


bating  she  L®yo«£  .............  HID 

Drafting  Master. ............  ITS 

Sfedutnical  Fcoricatis*  . . 171 

DteJfco  of  gvitciii!,  Ccsaiauiatora. . . .  173 

Hsiatitsg. . ITS 

EpsciaS  Bsll&MUty  Detomlnstst*  ....  174 

2y-*ci£icattea  Soercee . 1T3 

Eafaresscca. . . .  IT 1 


151 


Printed  circuits  aso  basically  tfcla  pgttoSES 
cf  sloe  trie?!  ccct&ctayp  closoly  riHsaS  £o  :: 
oupporUcg  toenlato?  shoot  Most 
printed  circuits  rafljisa  only  v^iring  ttameca., 
but  00129  circuit  csHseoaonla  may  ales  bo 
formed  along  trrftfe  tfeo  printed  cocde store. 
Inductors  may  bo  forresd  by  spiral  p’ttrs'ss 
of  },,o  Ml-liks  ecafectors,  and  small  capac¬ 
itors  by  opposed  ©eadactiftg  areas  fabricate! 
on  tbs  two  faces  of  ifcs  supporting  dlokeirte, 
moot  feaolbly  for  very  high  fregueccioa  sad 
ultra  high  irogosacica.  Specially  ds.rigaed 
conductors  may  aka  replace  coastal  Unoa 
and  some  plumbles  coaaoeUcaa  si  micro- 
wave  froquen-clcn.  Printed  wiring  1®  cMtocd 
by  SIA®  ns  "e  typo  of  printed  circuit  in¬ 
tended  primarily  to  provide  pcir;t-to-pcte5 
electrical  corniest! oas  or  ghieldiag. M 

By  far  tfca  nxoel  ecsnnjooJy  used  printed 
wiring  if)  a  pa  lie  sac  (variously  mark)  cs?  i-  to 
3-mll  acoppor  oa  n  tea  of  l/10-inch  plastic 
laminate,  plcrcod  with  holes  to  receive  too 
wire  leads  or  lugs  cl  ala ntlard  circuit  compo¬ 
nents  and  with  larger  ho  hi  a  to  sert,  fasten, 
and  support  tbs  Assemblage.  £Juch  an  Hera 
may  ih?n  replace!  a  chassis  or  dick  end  Is  re¬ 
ferred  to  as  a  printed  wiring  board,  card, 
plata,  or  cbaeala. 

Commercial  specificsiions  arc  mainly  con¬ 
cerned  with  this  feted  of  printed  circuit.  &s 
general,  standards  tusd  tests,  unless  specifi¬ 
cally  limited,  arc  written  broadly  enough  to 
lncluda  many  otbar  coas.ructlons  o(  conductor 
patterns  on  ooccwaductora;  for  example,  sti¬ 
ver  loit  on  glass  string  plate*.  Small  ee- 
•  ramlc-ba&cd  prteted  circuits  with  piloted 

•Klectronlc  ladartriss  Assoc  tettea.  tanwsriy  Bs- 
.  dio-SleclrotUcB-TcScylsiea  M-vj-jkite.rej-9  Associa¬ 
tion  UiEXt4AJ 


olosiscalo  fled  completely  sealed  are  today  re¬ 
garded  as  tsiit  assas^fiisB  in  their  own  right 
and  ar®  ecbjcci  to  separate  standard!  sstioa. 

K  e2tm»M  bo  acte-S  that  for  shipboard 
cquiytusAt  the  rctjutwseeaia  of  MIL-STD- 
375{Sii!psJ  saugt  bo  foS kewd,  and  that  recosa- 
saGndaticna  found  in  tfcte  chapter  that  do  not 
agree  with  IMo  speciftesSdce  ara  not  percais- 
siWo  for  chipboard  c"  'gxatstL 

Compared  to  other  assy scasato,  the  printed 
airing  board  Is  quit®  *re,  and  its  standardi- 
s&Hob  sattai  be  prca*eSy  regarded  In  th» 
status  of  “trends  toEPisd  good  practice.  ” 
Higld  performance  iteiJa  cannot  yet  lx;  set 
dosa  hs&tueo  their  oRtaate  *  or.  dura¬ 
bility  are  eoI  sufft  deadly  -  Also,  la 
contract  to  other  passive  co  ’Wa,  priced 
wiling  is  almost  never  s  ate  _  for  ite 
most  part  being  cu ntesa  r-vads  for  every  ep- 
plicatioa.  Therefore,  degigs  practices,  in  ad¬ 
dition  to  svallabie  rtesdaitsa,  are  sppi'opriate 
determining  a  cane  for  %xtiiiy  control. 

Knowledge  of  tbs  s>p*)5JeiXA«  standards  aloas 
Ss  Lnaufiiciest  to  Incur*  proper  purchase  and 
application  ci  printed  wiring.  Unlike  athor 
eompoaSKiU;  the  specification  of  printed  wir¬ 
ing  requires  subrnisidiae  of  a  photographic 
pattern  w'noco  prcpa.r^i«a  prasuiaos  a  toowl- 
of  printed  circuit  <§etfgEing, 

Coamco  Commercial  Tpprss 

For  etched  circuits,  t5w  desired  pattern  in 
printed  with  acid- resisting  ink  by  silk  sci'wa 
or  offset  preas  on  metel-clad  laminate,  and 
tbs  unde  rired  areas  cf  me  tel  chemically 
otchsd  away.  AUornnUrriy,  a  phcto.rensltised 
colloid  Is  coated  on  the  cted  stock,  e.ypo«ed 
eatter  3  pisotographlc  nsgaiiTe  to  »  strong 


Mgti  genres,  sad  tha  clsddfc*;  wr  ';bed  free  cS 
sotfiEg  la  the  unexpossd  areas  to  provide  the 
irecial  pattern  for  etching.  Tie  osveral  steps 
a to  fiMusirated  in  Fig.  4-1JA).  T&s  product 
eaopdrss  copper  (rciisd  os  electrolytic)  or 
etfcsr  acetal  conductors  wall  adhered  onto  ti» 
sasfass  of  various  presses  Irmtasiefi  or  plae- 
®c  sheet.  HoIgc  and  njeefcBaieal  fabrication 
usoaliy  follow  but  may  prccsls  etching.  Re¬ 
pressing  may  be  used  to  preface  a  ffeveh  eir- 
€®1L  OrorplaUng  etched  lamtaate  in  selected 
arsao  io  an  important  modiScaliaa  that  may 


include  through- hole  plating  war  p^phlt®, 
as  shewn  ia  Fig.  4- 1(C). 

Plated  circuits  are  began  by  light  overall 
metalilsatioQ  applied  to  adhesive  coatod  plas¬ 
tic  laminate,  A  resist  is  selectively  applied  * 
as  above,  but  reversed  so  that  electroplating  - 
c£  copper  or  ether  metals  fills  the  ogssa 
areas,  resist  aad  metallisation  being  cabs©-  ■ 
qrontly  stripped  as  shown  la  Fig.  4-I(B).  * 

Tha  product  reeembleo  etched  circuits  la 
structure  (usually  having,  plated  holes)  hot 


A.  ETCHED  WIRING 


S.  PLATED  WIRING 


C.  PLATED  HOLES 


1.  Clean  copper -clad 
laminate 


1.  Metallisation  ol  bare 
iamlnaic  by  vactmia 
or  chemical  deposit. 

%.  Same  procecfeire  an 
at  left,  but  using 
plating  talh  resist 


1.  Laminate  clad  witfe 
copper  on  both  sides. 
Hole  drilled  or 
punched 


2.  light -sensitive  re¬ 
sist  added  lor  ->Holh- 
er:g  raving 


3.  Plating  resist  devel¬ 
oped  or  printed  la  re¬ 
verse  pattens 


2.  Reverse  printed 
with  plating  resist. 
Conducing  coaling 
placed  in  bole 


3.  Resist  developed 
(engraving)  or 
printed  (offset,  silk 
screen)  in  desired 
pattern 


4.  Plat  Lng  adeted  by 
electroplating;  does 
not  sdieei  exposed 
copper 


S.  Plating  added 


4.  Unwanted  copper 
etched  away 


5.  Reals!  cleaned  with 
solvent,  leaving  cop¬ 
per  pattern 


3.  Plating  resist  re¬ 
moved.  leaving  plat¬ 
ing  on  base  copper 


6.  Unwanted  copper 
etched  array.  Plat¬ 
ing  serves  as  etch 
resist 


4.  Plating  reels!  re¬ 
moved 


3.  Unwanted  copper 
etched  avay,  leaving 
plating  in  hole 


Fig.  4-1.  Steps  ia  prcceesot  proSsclng  etched  wiring,  piatwj  vtrtng,  and  plrrisd  through  holes. 


<gSo?o  Cttsswfezj  to  ^assctoriotiee.  Itoffi*,- 
ffi£3fl  nias  yieM  Stagfe-gMed  sir-etdto. 

Fs’ess-gssibs'  ©sBM&seferij  bsgia  aa  silvcff 
ps^aSa?  s^resfl  waMoi.Oy  oa  a  jifasaolic  fea*3 
(seen  oi  easily  eerasais  ss?  elisor  raatorial).  A 
"  E^atod  «Jisp  tearing  ttes  dsstaed  gattora,  e£toe= 
Hvsly  cmmUdateo  tfes  silver  info  eoaftesSsro 
by  a  brief  feSgib-teaporsta'a  gsresstag, 

SasHp®i3,  esahogcsd,  ass]  bSanhed  circuits 
®ecroint  for  a  small  proportion  of  printed  wir» 
teg  boards.  Ea  gsaorai,  thoir  raanufaciara 
utilises  dtecnitlng  os*  forming  to  eaparate  Us® 
desired  pottora  from  ucstal  foil;  tha  edretrii 
faring  ad-hared  by  feci  pressing  to  a  tensioato 
tilth  adhesivs  or  to  a  earn!  cased  stock.  Cca= 
dactanco  eharactori  Giles  aro,  therefore,  tfcosa 
of  foil.  All  ether  prcperiJoe  dapond  oa  tha 
motaro  of  tbo  taeateStag  bac-a, 

Gsssral  ©HMssHca 


Yte  prtes  season  ios  wring  printed  wiring 
to  to  provide  lor  prodsa  location  of  all  ccsa- 
$  ranta  and  Sfao  co^nc-ctioais  tharcio,  permit¬ 
ting  the  tic  a  of  faster  means  of  assembling. 
Identical  fabrication  of  hantsao  with  quick 
changeover  facility  generally  facilitates  ma*o 
production.  Secondary  advantages  c?  tidying 
zp  connective  wiring  often  lend  to  sics  redac¬ 
tion,  improve  j  Inspection  and  maintenance,  as 
Trail  as  iaycxl  simplifications  eo  that  cqcip- 
ssor.ts  definitely  in  lew-volume  production 
also  beesOt.  Switches  ;ucd  other  compesseots 


caa  ©Stea  be  integrally  fissipe&  As  aa  m= 
ample,  segment*  of  a  switch  ore  e&®®3  to 
Fig.  4=8. 

Lossg  produettaa  'rens  smy  eall  for  tiMag 
pro-teed  by  effect,  or  oQh  seres®  applied  g©» 
gist  if  the  eligtely  lower  daf-Mtioa  eta  te? 
tolerated.  Class  B  (ISO  Q)  and  to  mmo  e®te$ 
Class  H  (190  C)  applications  can  bo  g&ssjs- 
motMcd  by  at  Hiring  hotter  i&mtaates  esS 
corrosion  protected  coppar,  For  teapss’a- 
turns  above  ISO  C,  glass,  ceramic,  or  gte£®= 
bonds?!  mica  bases  aro  indicates!, 

PHOPSRUBS 

As  an  Index  to  Usa  Lsaportenl  cfcareetoris- 
tics,  J3L4  ha*  subcommittees  dtevisleg  psiriafr 
wiring  otandards  on  (1)  Adhealoa  asd  golds?- 
ability.  (9)  Dafinitic’  and  Regietor,  (3)  Me¬ 
chanical  Feature®,  (4)  ContSncfcteity  acd  Teas- 
perotor©  Rise,  (5)  Are  and  Flame  Hgsictexea, 
(G)  Ccatemination  and  Corstocitm,  ax'3  (“5)  to- 
a  -irilc-j  Reolriaaea. 

The  Printed  Coodrctex 


The  m<wi  commas  Lnatorial  is  0k?c?i“oisti~ 
caiiy  formed  copper  foil  (with  come  roplscs- 
meui  rocontly  by  rolled  fell  of  only  siigiTlly 
dilforoni  character)  cA  S9.5  porcent  jsariiy. 
Before  procoeoing,  this  mast  ba  fr-se  of  wsia- 
idos,  blisters,  and  inclusions  of  load,  with 
pinholes  not  to  eseesu  0.019  inch  nor  to  osctj? 
more  fre-quonUy  than  one  por  eq  ft;  ci&srwlss. 


4-S.  Cbrijplx ::  c.  :i  bo  ay  an  lotc^rai  part  of  tbs  vlriftg  pattc-nfi.  Tills 

tar  a  fcspr  rcrordcr,  hoa  mal(t|x>lc  o«rUch  sc-  -o^ntfl  incuroorsted  at  Lh*  io«ror  l^fl-  c.od  r^ht-hind 
ccc I itxvs  c£  tfco  > ■  3..  { F;v-  i r vv! i tii  Co t  ja ) 
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coodaetors  1b  tbs  Snicked  circuit  may  ha 
looee  or  deSciant  to  cometd- carrying  capac¬ 
ity.  Small  physical  irregcSaritiee  in  the  ror- 
tscQ  cause  misprinting  is  the  products  fia 
^access  and  sacs y  result  ia  grass  defects. 

Foil  thlcksassea  arm 

Nominal  1  oems — 0.0014  lads  plus  0.0004  inch 
minus  0.0002  inch 

Nominal  3  ocace  — »  C,  002S  tech  plus  G.C007  Inch 
minus  fl.8003  inch 


Baod  of  the  Csajs^ctor 

The  cowfcctive  91m  must  bo  resistant  to 
deiamlnatloa  during  soldering  or  high-tem¬ 
perature  operation  as  well  as  to  blister 
doformatlcffl  In  processing.  Procedures  lor 
thrtsij  parameters  are  prodded  In  SIA  Stand* 
aria  Proposal  434.  Minicaur.  fail  stori  ng  ro* 
*i*j-'<u-«i  la  a  10-second  float  cd  the  specified 
i ««  pavtora  {Fig.  4- 3 (A) }  In  ”30  C  scatter, 
iolloved  by  visual  Inspection.  The  adhesion  oi 
terminal  aroas  about  holes  is  checked  by 
measuring  tbs  fores  required  to  detach  a  No. 
18  AWG  sample  wire  previously  dip  soldo  red 
in  place.  TT»  general  edheeSca  ol  condo; tors 
to  the  base  clock  ia  dsUmninad  t?  measuring 
the  force  retired  to  pool  a  1/8  -inch  wide 
conductor,  polled  at  right  rnglo  to  tha  bane; 
the  result  la  pounds  la  multi  piled  by  eight  ar4 
stated  In  pounds  par  Inch  width.  The  latter 
two  tests  can  also  be  utilised  after  simulated 


Flj.  t-3.  Tentative  F.'A  teat  patterns:  (A)  BUo- 
tsrlng.  (8)  CorsdociJrifv,  1  tiv.peiitvre  rl**,  bond 
strength  and  eoldcrabUlty.  (C)  hvaulstlon  reslst- 
ir\r;>.  (D)  6urlr.ee  sod  rolurae  resistivity,  die¬ 
lectric  cooitast  and  dlisipotloo  factor. 


1M 


dip  soldering,  even  baking,  or  ether  aa£,34-» 
pated  conditions  t®  be  encountered  ia  asccas- 
bliag  or  use.  MinimisE!  values  fei  .aricos 
materials,  suggested  by  cupj&ici-d  and  tty 
other  agendas  (whose  procedure®  may  vasj 
slightly),  are  summarized  in  Table  4-1,  is  _ 
rrMeli  _  ’coed  atraagiha  are  givaa  "as  p®-  * 
celved”  from  the  saJarriacturer.  6o&e  vsssya 
require  as  high  as  8  pounds  pool  elrangtfe, 
sad  tMfi  after  solder  dipping.  However,  flde  * 
does  not.  guarantee  batter  boards;  eosna  laiaf- 
nates,  initially  poo s  la  bead,  are  improved 
after  mxh  heat  treatment,  while  others 
deter! -orate.  (!) 

Dolaralnsticg  aesusnaa  importance  not  only 
st  soldering  feot  also  during  haking-ce  «£ 
etching  resists  to  processing,  go  that  circuits 
and  clad-lhminatos  need  opaciflcatioa  tor 
oven  endurance.  Fes  tor  usance  minimum*  ar® 
given  in  Table  4-L  facial  environmental 
endurance  may  also  suggest  additional  oven 
requirements  appropriately  elevated  for  ac¬ 
celerated  tests,  which  are  comparable  to  la- 
rulstion  Class  A,  B,  or  H  levels  or  inctede 
temperature  or  humidity  cycling.  Notohiy  lit¬ 
tle  account  has  becta  taken  !  n  current  specifi¬ 
cations  of  possible  bead  impairment  during 
un  Ed  tie  ring  and  repair.  Sannahs  has  reported 
suggosilvoly  that  Ensnldcriftg  takes  longer 
than  soldering,  roachsa  wall  over  300  C,  and 
thsi  ire®- Ending  tip  temperatures  even  c4 
ssaall  pencil  irccs  ranch  320  C.  (1) 

8  should  be  noted  that  the  properties  mea*- 
onid  by  "peeling”  conductor  are  different 
from  tb©*«  evaluated  by  straight  "puli"  and 
that  values  from  to*  two  typos  of  toot 3  are 
not  coavartiblo.  No  minimum  has  yet  bees; 
set  for  the  lead  poll-cut  test  above,  but  ft 
5-pound  minimum  might  be  considered  from 
ordinary  wire- to- lug  smoldering  practice;  IS 
pounds  Is  a  typical  teat  value. 

t£U  -  P- 1 3 /1 0 ( S fcC).  mjuires  that  the  Initial 
bond  strength  between  the  metal  foil  and  too 
baaa  matarial  Rt  »*cxn  temperature  ha  nc4 
lea 7  than  5  pounds  u-iw-tj  h  i-loch  *t rl n  in  th® 
mitidlo  os  a  sq»cicaci!  1*  by  3  Inches  Is  pulled 
perpendicular  to  th®  pane*  surface  si  a  rata 
of  9  leches  per  minute. 

Peel  requls'umscta  ou  Oerlbly  hared  c.Uu 
cutt^  are  also  not  slricUy  corr“laiable  with 
rigid  bass  Itessa  becatian  cosvonk’nce  dictate# 
test  ooparatloa  of  conductor  and  insUatlcsa  si 
a  180-dogr.?.«  angle.  Tbo  adhesion  a?  fired 
cllver  circuits  or  oU*sr#  of  cooeolidalcd 
metal  la  probably  better  determined  by 
scratch  or  abracioo  toctlng.  Although  flguica 
oi  XtOO  p*j  have  been  given  for  silver  oe 


Tab's  4-1 — Delasa&iation  Strengths  ate  Thermal  Etearasce 


Clrcsit  bs*e 

lias  ccatinaoos 

operating  teag? 

(deg  Of 

Basle  pool  strength 
(lb/  in,  width) 

Soldering  sndurtat*, 
Uea»  ate  terap 
(»®c  b  deg  C) 

Time  ia  o?ee 
(rain) 

TtersacetetSag.  #M 

— 

5  ci b*  (C) 

5  eec  at 

SS0C  (O 

00  at  140  0  (C) 

SCOT?  fl  os  Cel 

121  (A) 

-5  av  (B) 

4  mis  (S) 

30  sac  si 

aac  (b) 

30  at  130  C  (B) 

XXXP  a  ob  Ce? 

121  (A} 

8  av  (B) 

5  min  (B) 

39  eec  si 

232  C  (B) 

30  at  130  C  (B) 

Ny!oo-psc.«rfie 

74(A) 

4  to  7  (A) 

— 

Gta»s~ir<elasstei*  G-S 

135  (A) 

5  to  S  (A) 

— 

— 

Glass  -polyester  GP  §106 

123  (A) 

2  to  5  (A) 

— 

- 

GtJisa-sillccsse  G-T 

153  (A) 

S  to  7  (A) 

— 

G  Uss-epoay  G-10 
(1  or  C=ii 

150  (A) 

175  (A) 

8  av  (B5 

5  min  (3) 

3.5  sec  a 

m  c  (b) 

j 

30  at  130  C  U .  • 

Gtws-epftsy  "-1S 
(2  or.  Oil 

175  (A) 

7  av  (E) 

5  av  (B1 

15  &e-c 

m  c  {e^ 

I 

30  at  130  C  (B3  : 

SsS-F 

m  (A) 

$  min  (A) 

IS  sec  ts! 

243  C 

— 

Gl*s.i -'frifea 

200  (A) 

8  to  9  (A) 

no  cd  (a) 

— 

Cl  Si* -terras  silos 
(fired}® 

543  (A) 

- 

— 

fflsstlte  (fired} 

— 

-- 

24S  C  (A) 

- 

Standardise  Agency.  (A)  Suppliers.  (8)  WJW — tentative  JOSS.  (C)  Signal  Corps 

•After  Sttajwratesr*  cycling  .-55  to  85  C 

tTh-v  roeanlssg  Crf  c»3.slsn«»  eccUavCMs  r-5UTSl!r.3  temperature  fca*  rxrf  Nr*»  rreil  atar-dardUed  by  the  Irxfcistry. 
Tfe-e  data  jivea  fci  Co-to-a*  1,  scppiied  by  vir; j&a  BM/iufac'turere  cd  rlad  larolssteo.  Is  ach.-ect  to  variation  beice-ee 
suppliers.  Underwriter*’  Laboratories  etiteurti;  fox  all  phenolic -bated  lanitanle*  b?t»  a  rn-temum  con  I  Wooua  op¬ 
erator"  temperature  of  105  C. 


siostlte  Serf  SCO  p*i  Sw  pre&s  ptssisar  on 
phftjsolic. 

Definition  ate  Registry 

HajgtAi  pjsd  ill -defined  patterns  obviously 
affect  the  (spacing  of  cvsteucto)  0  ami  uay  rta- 
tfult  in  leakage  or  are.  Registry  ci  coodwtor* 
front  face-to-faca  erf  bV  card  sad  with 
respect  to  tlw  locaUre  spcclfisd  may  also  af¬ 
fect  cl  'Ctronic  fratetloa,  but  mlis  registry  of 
pattern  to  poached  holes  is  raotK  likely  to  rt> - 
milt  in  faulty  soldered  JcdKte.  ElA  liasdaras 
S®rojx>*;u  No.  503  treats  specific  definition  as 
tte  maximum  crest-to-trough  roughness 
measured  «n«hln  any  «&*Uaseo  o £  1  incii  along 
a  conductor,  a*  stereo  io  Kig.  4-4.  In  gtasser.ai, 
pdc.iwtc  ted  coixfuetoB-s  may  bs  eipacrfcd  to 


have  finer  cSeflnJUon  than  silk-  .-cfrren  etc  bed 
conductors.  Caannerciai  allowrartc  froot-ks- 
back  tnlsrvqisiry  for  plain  ctcheu  circuits  Is 
0.015  to  0.025  tech  .n.nd  with  plated  teles  0.020 
to  0.025  inch,  the  range  dependent  largely  ca 
price.  Definition  and  registry  quality,  flr*t 
established  is  a  master  drawing,  must  be  re¬ 
tained  la  r. holograph  negatives  and  tbo  ac¬ 
curate  transfer  the  ref  e, 

CcocSuctivitj  and  Tempc- future  Rise 


A  printed  circuit  ■Bill  carry  several  tlcxra 
the  carrcirt  erf  aa  equ.vaierrf  else  wi ra  for  the 
(Larue  temperature  rlea  because  cj  diffusloa 
erf  heat  Into  the  attached  base.  (2)  Tbersusl 
difficulties  are  generally  tbs  result  of  te- 
envlrciunent  or  hot  spate  near  tuboa.  'Tbs 


Definition 

m  frit  I s 


7!g.  4-4.  Ccsdactor  definition  reglctry 

measurement  oi  printed  wiring  cot,  lector.  Seals 
is  exaggerated  for  llluctratloa. 


conductivity  of  electrolytic  eoppor  foil  is 
recently  reported  at  1.80  10  olmi-ctn  at 

25  C  and  tho  tetaporatups  coefficient  oquala 
0.C0385,  Silk-ocreoiusd  conductors  fired  on 
ceramic  aro  of  tha  order  of  0.01  ohm  par 
st|uara,°  with  excellent  dissipation,  and  ap¬ 
proximately  0,05  ohm  per  equaro  screened  on 
plastic. 

Filament  loads  and  other  heavy  current 
carriers  In  a  design  should  bo  checked  for 
possible  overheating,  preferably  by  fins  wire 
thermocouple c  (No.  40)  cemented  directly  to 
ths  conductor.  Publinhcd  design  data  for  cur¬ 
rent  capacity  is  in  considerable  discrepancy 
duo  to  ncTUgreerneni  on  method,  's  Fig.  4-5 
will  show.  Theoe  variations  are  illustrative  of 
thermal  dtf'eroncers  that  also  occur  in  practi¬ 
cal  application,  namely,  local  ambient  tem¬ 
perature,  proximity  of  conductors,  area  of 
board,  configuration  cl  pattern,  and  vertical 
vs.  horizontal  mounting.  Tho  two  most  con¬ 
servative  of  the  cu  "es  shorn:  are  represent  - 
.".live  cd  temperature  riso  In  2  typically  hot 
(80  C)  enclosure.  (I)  The  typo  of  adhesive 
bond  upod  may  appreciably  modify  tompera- 
turo  rl ns  by  affecting  thermal  conductivities, 
and  Advere-o  effects  of  solder  dipping  has  algo 
tvsea  suopoctcd. 

Current  capacity  la  appreciably  Improved 
by  going  from  1/16-  to  1/8-lncfc  XXX  phenol  - 
lcs  or  leaving  the  copper  on  the  reverse  aide. 
Hoyner,  has  shown  that  protective  ccat’njs 
reduce  current-carrying  capacity  by  15  to  2d 
percent.  (3)  In  general,  current  capacity  Is 
directly  related  to  the  thermal  conductance  of 
the  baso  materials.  The  thermal  celling  on 
plastics  should  always  be  treated  codes rva- 
llvely  for  trouble-ires  life,  and  material  with 
greater  thermal  combuctanc e  used  when  in 
doubt. 


Where  v  printed  deck  replaces  s  rusts! 
chassis,  heat  transfer  from  mou.uied  compo¬ 
nents  must  be  examined.  Power-ocdptd  tetoen 
and  resistors  may  nsed  thermal  gmssn 
ctrapa  or  heat -suffusing  plates  to  avoid  load 
hot  spots.  ■— 

Uetal-Clad  luamlMtee 


The  physical  and  electrical  characteristic#  *  „ 
of  printed  wiring  are  heavily  dependent  oo  Use 
properties  of  the  Insulating  base  stock,  which 
most  commonly  is  a  high-pressure  laminate 
of  paper  or  glass  cloth  impregnated  with 
phenolic  and  other  resins  a®  shown  in  Tables 
4-1  and  4-2.  Varieties  of  NEMA  Grads  XXXJ5, 
n  papar-baso  phenolic.,  are  widely  ujod  be¬ 
cause  of  low  cor-'  combined  with  generally 
excellent  electrical  and  physical  proportSos 
and  care  oi  fabrication. 

Manufacturoro  have  improved  tba  propor- 
ties  oi  clad  laminates  over  those  of  NEMA 
minimum  standards  so  that  generally  bettor 
values  are  obtainable  in  moisture  afcsorpilca, 
insulation  resistance,  soldering  endurance, 
punching  pro.'nrtioe,  dielectric  strength,  sad 
general  physical  properties.  XXXP  is  ©oi 
good  in  arc  tracking,  such  as  results  from  tks 
wiping  action  of  blue  hoe  on  printed  commida- 
ior«.  No  laminate  le  superior  In  all  propar- 
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klg-  <-4-  CurrcU-carrylng  capacity  cl 
etched  circuit*. 


*  Typical  cotamerclai  ?aiwa 
f  After  08  tor  at  35  C  aad  90  m 


ties;  @l@etrically,  cold-puadstag  XXXP  Is  not 
feo  test  obtainable.  Conversely,  clad  XX  XP 
may  to  quite  adequate  to  some  applications. 
Kpoxya  sad  polyesters  can  ateo  to  conaiderod 
M  cold  punching  is  required.  Wbsre  otherwise 
-  permissible,  linea  and  nyloa  stocks  will  per¬ 
mit  greater  yield  without  cracking  its  intricate 
punching  or  staking.  Cloth  grades  also  permit 
,  a  little  more  forming  than  paper  lamlnatee, 
but  intricate  forming  requires  s  clad  po*t- 
formtng  u*©ck.  Phenolic*  resist  die  and  sol¬ 
vents  well  but  are  somewhat  susceptible  to 
mctetsire. 

Synthetic  fiber  doth  docks  are  atill  pri¬ 
marily  uyloa;  nylon  with  pbeaiitc  being  out¬ 
standing  for  Insulation  resistance  tmdor  hu 
mid  conditions  and  having  excellent  mechani¬ 
cal  properties.  It*  limitation  in  In  tempera¬ 
ture  (Table  4-i). 

Melamine- glass  cloth  clad  laminates  are 
appropriately  employed  in  comasntative  and 
switching  devices  where  low  arc  tracking  and 
a  higher  temperature  endurance  are  called 
for,  but  the  glass  filter  produces  greater  tool 
wear,  Its  moisture  absorption  is  intermediate 
{see  Table  4-2). 

&poxy-g,?au  cloth  clad  material  its  largely 
superior  to  the  phenollcs  In  both  electrical 
and  ruse  hauler  properties.  Machining  is 

slightly  more  difficult  than  to*  paper- 
'  phenolic.  The  material  '  i  well  la  applica¬ 


tions  calling  for  good  Insulation  jrasistfe-cw, 
low  moisture  absorption,  boat  resistance,  low 
loss,  excellent  mechanical  streegth^  aa& 
punching, 

aiicco-giose  cloth  clad*  are  aiad©  with 
ettber  staple-fibre  G-6  or  coot! utsctto-flljv- 
saeni  tl-7  material.  Very  low  dielectric  1 one, 
together  with  generally'  superior  electrical 
and  snochanical  properties,  rcccsusaead  tfc@ 
Koatesinl  where  Indoctors  of  high  Q  or  la¬ 
bility  are  Involved.  Keat  resistance  Is  high, 
bat  limited  by  the  epoxy  conventionally  need 
a®  a  bonding  agont  To  aome  extec4  this  alec 
determines  swrtve  characteristics. 

The  polyester  glass-mat  IsunSnatoB  lie  mid¬ 
way  between  the  phenolic*  and  epoxys.  Bacds- 
tui-fc  absorption  attd  Ices  as  well  sub  pmach- 
abtUiy  are  generally  superior  to  the  phenollca. 
They  are  used  where  tho  better  mechanical 
properties  of  epoays  are  not  required. 

Circuits  made  an  ».  orinated  hydrocarbOB 
clads  (Tabic#  4-1  and  4-2)  are  excellent 
is  all  electrical  properties  and  riay  that 
way  In  high  temperature  and  high  humidity. 
Ttoy  are  indicated  fer  microwave  circuit® 
sad  for  high-iempsrature  onrirosutieateL 

Mechanical  and  Tbsraaal  Properties 

A  tendency  to  treat  printed  circuits  os 
laminate  bases  as  though  they  are  st&tl 


■plate*  feta  led  to  trouble.  Lsrge  printed 
cue  oil*  faateecd  rigidly  at  four  corners  msg 
buckle  of  break  out.  laminate  are 
act  that  stable.  Nominally,  3£iu3?  has  twico 
ttug  thermal  esjsusrioa  trf  steel,  sad  there  to 
a  growing  lacUnattca  to  recognise  that  o&* 
paai^ja  on  thermal  cycling  Is  not  entirely 
reversible  (taterareiable  as  a  "hysteresis"/ 
In  many  laminate*,  sdre  change  after  fcc& 
pouching  may  seriously  affect  the  location  s'! 
holer.  Warping  aad  disaaarjlcaai  change  are, 
aS  coarse,  also  a  profect  si  moisture  aboorg- 
*■’  ”*0.  (See  Table  4-3). 

Maximum  dimensional  stability,  when  de¬ 
manded  for  froQimcy  determining  elemeste, 
is  obtainable  from  in&scfcrs  printed  or,  gtaso 
or  ceramic®. 

Warp  aod.  twist  are  traceable  primarily  to 
the  fatsdameataily  different  properties  si  metal 
conductors  and  tasvdattog  base.  Consequently, 
atogle-slde  circuits  are  far  more  susceptible 
and  large  conductor  areas,  if  uaoppeaed  fey 
cladding  o«  the  reverse,  should  be  desigacil 
a#  a  grid.  The  overall  area  of  printed  cards 
ftbovM  be  limited  because  automatic  assem¬ 
bling  machinery  generally  bandies  ponds  c? 
modest  size  only  (see  Table  4-8).  Biases- 
fiton*  over  $  inches  may  call  for  1/8-lscb 
laminates.  WKSSA  Standard  LP-i  Li  mil  a  war-' 
and  twist  la  clad  sheets.  Individual  card#  o? 
decks  can  be  checked  by  A8TM-D709-52T; 
flexHjral  strength  ami  fiUndbLlity  is  detonato®?! 
by  ASTM-DT20.  Ccinmerelally  acceptable  lisn- 
it*  im  warp  are  given  In  Table  4-5. 

MacMsia  iaesdUng  <£  circuit  a,  as  well  as 
,  tlwir  fit  in  (sockets,  Jo  Interfered  with  toy 
warp  and  twit 1  ’.ogeiher.  This  combined  effect 
l-»  the  subject  of  current  standard  l»  alien  ef¬ 
forts  by  KIA  Automation  Subcommittees. 

Tbs  design  of  ceramic  based  jirintsd  dr 
cults  is  very  epeelsiixed  and  should  b«  doet^ 
in  cos?  uUaticaa  with  a  ceramic  or  glass  teeb- 
nologisi. 


Conductors  m  lascMtes  _  I 
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to  the  laboratory,  sfched  line#  to  1-aanc* 
ccpptir  can  bo  made  as  close  togetbsr  a# 
0.505  inch.  However,  quite  a  few  practical 
considerations  set  the  practical  minimraja  for 
lino  spacing  in  the  range  of  1/8  inch  (town 
to  about  1/32  Inc^  Normal  variations  to  the 
photomechanical  processes  make  both  lines 
and  spaces  less  than  0.035  inch  troublesome 
to  production,  and  1/32  inch  is  a  practical 
minimum  from  this  standpoint.  Solder  bridging 
is  net  the  prime  factor  to  determining  line 
speeing,  and  with  wall  controlled  soldo  ring 
1/32- inch  s<3acinga  can  be  used,  bat  1/18- 
inch  cpacings  are  advised  to  avoid  the  usual 
noooptimisei!  conditions  in  factory  opsratlce. 
Lines  SB.,  oed  1/16  tods  on  most  copper  clads 
have  a  capacitance  o£  about  i  snml  p@r  inch. 
This  incr^eae  about  20  percent  when  the 
spacing  is  reduced  to  1/32  inch,  Unvwnte/! 
capacltative  coupling  effects  can  be  Judged 
accordingly.  Peak  voltages  should  also  be 
taken  into  account  and  derating  for  altitude  f.« 
in  ether  equipment, 

Signal  Corps  fwcotsmefidations  as  i .  July 
1857  are  as  follows  for  rated  v. 'Stages  for 
various  spacing #  of  printed  coac  ctorn  for 
use  to  equipment  operated  at  or  near  »*>a 
level  and  having  a  maximum  available  input 
power  of  w  watts: 


Conductor  spacing*  tor  printed  wiring  pat¬ 
terns  protected  with  ass  appropriate  conionnal 
coating  an  hermetically  sealed  assemblies 


Voltages  (BC  or 
Peak  AC)  - 
300  to  6U0 
100  to  SOS 
Below  10® 


Conductor  Spacing# 
(in.,  preferred) 

imftm 

0.030,  0.06® 
0.020,  0.03© 


Conductor  spacing*  for  unprotected  portions 
of  printed  wiring  patterns 


Table  4-3 — CoasEsereSai  Limit*  oo  Warp 


Ease  eaaterial  Uvlcfiuse**  (is.) 

Warp 

(to. /to.  of  iesgthi 

StagU-okSe  pt&ttra  j 

**S§ 

- 

0.029 

0.020 

0,012 

o.oo« 

DoitbJa-s.  S  patter*  j 

j  All  ibidtiHJ&ae* 

0.005 

Voltages  (DC  or 
Peak  AC) 

300  to  600 
100  to  SO© 
Below  10® 


Conductor  Stoaciags 

0.300 
o:  135 

snoeo 


For  protected  printed  wiring,  the  preferred 
opacinga  given  above  shall  be  equalled  or 
'sxcoeded  "dieuever  space  permit*.  For  appli¬ 
cation#  where  secondary  short  circuit  protec¬ 
tion  in  the  form  of  fuses,  circuit  breakers, 
and  so  forth,  are  provided;  and  where  tha 
normal  operating  power  is  greater  than  50 
watts  but  does  set  exceed  200©  watts,  ti» 


spacing*  gives  above  shall  be  doubled.  Special 
attention  should  be  gives  to  the  selection  at 
a  base  material  wim  the  input  power  exceeds 
£2  watts.  Electrical  upswings  shall  be  ade¬ 
quately  increased  tor  critical  appMcaCchc 
such  as  equipment  operated  s£  high  altitudes. 

The  dfect  rJ  moisture  on  printed  circuits 
resembles  that  oi  Its  effect  on  the  base 
laminates  alone  except  that  when  an  adhesive 
ie  present,  an  ftdiseaive  layer  is  left  exposed 
after  etching.  Therefore,  design  data  utilised 
should  be  for  etched  clad  laminates,  as  in 
Tables  4-2  and  4-4,  not  for  ordinary  unclad 
laminates.  The  effect  of  humidity  and  tem¬ 
perature  ca  clad  laminates,  not  subjected  to 
etching,  is  shown  in  Fig.  4-3.  This  data  Is 
a  compilation  from  several  extensive  tasting 
program®;  the  poorer  insulation  endurance  of 
c/'ccy  at  70  C  may  bo  due  to  copper  corrosion 
products.  Insulation  resistance  measurement 
cf  any  given  grade  of  laminate  is  extremely 
difficult  to  reproduce;  better  agreement  l~ 
securable  on  specific  equipment  or  designs. 
Experience  seeing  to  indicate  that  SO  percest 
humidity  4s  more  easily  reproduced  than  in 
03  KH  or  higher.  Roccmmaaded  test  la  bp 
the  pattern  of  Fig.  4-3  with  a  fixed  processing 
procedure. 

1>  insulation  resistance  over  the  area  o! 
a  aingla  piece  of  printed  wiring  varies  .  '.sly 
and  if  plotted,  locha  ilka  a  topographic  map 
of  very  mountainous  terrain.  Martin,,  «rsd 
others,  have  shown  that  the  extensive  chemi¬ 
cal  processing  oi  cleaning,  etching,  and  plat¬ 
ing  circuits  very  Widely  Influences  tire  bus*- 
ceptioilit/  of  t’oa  bond  layer  to  insulatloc 
change  by  moisture,  particularly  sludge  d®- 
pooits  from  spent  etching  baths  and  * '  non- 
corrosive  ”  flux  r@i  .Lues.  (4) 

Coating  Penalty 

Accumulations  of  dust  and  finger  prints  arc 
moisture  traps  and  lead  to  conductive  cor¬ 
rosion  products  (to  that  protection  of  printed 
wiring  by  coating  and  even  potting  is  advised. 
Outside  oi  the  generalisation  that  coatings 
must  be  relatively  heavy  (5  mils)  to  reduce 
moisture  permeability  adequately,  there  1b  no 


T_  hi-  5-4 — ttisn-lbuted  Cap*ctt»nc«  of  Etcised  Con¬ 
ductor*  M«J  por  Square  Inch 


Spacing  (In.) 

XXXP 

XX  i> 

Melamlne-glaa* 

Tift  on 

1/M 

S.C3 

0.88 

1.28 

0.3S 

i/ie 

0.85 

0.T5 

1.10 

0.36 

i/% 

0.T1 

0.00 

0.33 

Fig.  4*6.  Carves  nfcaslag  iss&tsMoa  resistance 
oi  clad  lamlast-as. 


agreement  on  the  comparative  sffeetivenoes 
of  various  coating  types,  excagt  snicrocrys- 
iallhso  waxoa,  wfcichi  generally  *rs  quite  fcottd. 
Commercial  practice  so mcihma  allows  rosin 
flux  to  remain  as  protection,  but  too  aiM la¬ 
bility  of  this  depand#  os»  eoefcrol  oi  tbs  amount 
of  "fluxed-off”  tapuritien  eontoined  ia  toe 
coating. 

Coating*  are  also  »aed>-S  to  reduce  metal 
migration  and  to  restrict  arc,  which  in  phs- 
nolicc  to  cumulative,  to  carbonising. 

Leakage  over  surface*  between  conductors 
generally  begins  at  £2)  volts  per  inch  (1/54- 
Snch  spacing)  and  arc-W'  nr  occurs  o*  SCO© 
to  3000  volts  per  inch.  Boatitnesfromuuisttisw 
and  cors’osica  greatly  reduce  this.  Only  heavy 
coatings,  ti'oo  cf  pinholes,  ear  complete  wotting, 
preuorve  initial  arc-realstaace  qualities. 

Coatings,  however,  do  net  presont  an  open 
and  shut  cum.  Ther*  ar®  advantages  and  dis¬ 
advantages.  If  the  ::card  to  uncoated,  there 
is  always  the  pcardfcility  of  the  dsgradatloa 
of  tins  electrical  characteristics  of  too  board 
when  exposed  to  coatocainatioa  pin  ?  the  sie- 
cesfltty  for  optimum  ccmSuctor  spacing.  When 
the  board  Is  coated,  reduction!  cf  th®  deleteri- 
ous  effect  oi  moisture  is  secwr^L 

Bures'  of  Ships  has  deteminsd:  (1)  that 
filers  a  15  to  23  percent  reduction  in 


r 
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current-carryins  capacity  of  fee 
(2)  that  Use  surface  -'■'•’•giivrfly  vihzss  ex¬ 
perience  considerable  vs Hailoa  over  sad  above 
that  recorded  for  •.sneoaisd  gaxajplae,  and  (si 
that  no  coating  entirely  pr«v?nt3  tha  tor-- 
mafcioi;  «;arrosiois.  to  adthtica,.  the  repair  «- 
WIity  of  a  coated  priutad  boar*  o«  sMpboari 
lo  questioned,  if,  ac  a  rasult  c?  fesat  from  a 
-soldering  Irca  (or  a  porous  original  seating'}, 
exposed  areas  remain,  there  is  the  proba¬ 
bility  that  moisture  will  enter  the  eiqpoosd 
areas  and  by  capillary  acts  css  become  en¬ 
trapped  in  unespoaed  areas.  This  is  a  worse 
cituatlon  than  prevails  ca  an  uu coated  br-uri 
from  which  this  moisture  can  evaporate  aa 
the  temperature)  is  cycled. 

For  these  reasons,  Bureau  of  Ships,  la 
keeping  with  ito  policy  of  requi  ring  c ompletaly 
repairable  aafisnsbliee,  prefer;  unc  oated  prints 
lag  boards. 

For  other  eervices,  printed  wiring  aosera- 
bllea  may  be  completely  potted  or  encap- 
auiated.  No  encapaulatlona  or  potting  com- 
pounds  have  boon  specifically  atandardized  for 
printed  wiring;  those  in  general  ueo  for  other 
electronic  assenablies  are  acceptable. 


Dielectric  Characteristic  «; 


Dielectric  constants  of  several  dad  lam- 
Inateo  are  given  in  Tabic  4-S.  With  an  aver-^ 
ago  dielectric  constant  cl  5,  .i/18-incb  clads 
yield  about  20  .mm?  capacitance  par  s a  In.; 
through  0.0C-S-toch  flexible  giaso-pheaolica, 
capacitances  o?  ;houi  200  mmf  per  fjq  5a. 
are  obtainable.  Capacitors  of  the  comb  type, 
rig.  4-3  (C),  are  difficult  to  stabilize  duo 
Us  fringe  capacitance,  except  on  the  very 
lowest  loses  materials.  Capacitor  sreae  placed 
st  the  center  oi  inductors  in  traps  and  filters 
may  replace  an  eyelet  by  capaclbstive  feed 
through. 

Tlie  variation  of  capacitance  with  frequency 
lc  calculable  from  the  typical  graph  of  die¬ 
lectric  constant  In  Fig.  4-?. 

The  distributed  losses  iu  straight  lines  is 
indicated  in  Table  4-4  and  may  require  sepa¬ 
rating  high-frequency  conductors  considerably 
or  introducing  intermediate  grounded  linos 
for  shielding.  Only  the  lowest  loss  materials 
are  practical  for  microwave  conductors. 
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Fig.  4-7.  Curve  shewing  dielectric  constant  vs. 
frequency  for  several  bees  materials.  (The  Mica 
Corg.) 


may  oubnimsllally  ratoc©  assembly  cost.  Typi¬ 
cal  design  values  are  shown  to  Tabla  4-5, 
Line  widtho  greater  than  0.010  inch  are 
more  consistently  reproducible.  Dlaabpatica 
looeod  two  shown  in  Table  4-2,  and  the 
variance  oi  power  factor  y«.  frequency  is 
shown  in  Fig.  4-0.  Tbs  Q  obtainable  with 
inductors  o?  the  I-  to  5- microhenry  pise  may 
bo  as  high  as  60  to  206,  However,  inductors 
ior  broadcast  frsqiwBcias  nave  prohibitively 
low  Q  cq  XXXP  dna  to  looses.  The  spacing 
between  linos  in  floral  Inductors  has  a  vary 
large  effect  cm  ®. 

A  nomograph  ter  spiral  inductor  design  la  * 
shown  la  vig.  4.-8  to  which  tha  following 
directions  apjdy;  . .  -  ■ 

1.  Assume  a  ufteiStog  pitch  at  $0  anil* 
(emo  Ltoe  width  plus  one  apace)  and  »  ratio 
of  average  radius  to  winding  of  2. 

3.  Draw  a  line  through  the  pitch  sad  A/C 
ratio  values  intersecting  the  reflect  axis. 

3.  Draw  a  second  itoe  from  Slii<5  point  oa 
the  reflect  asl*  to  the  desired  teducia&c* 
VfciUS. 

4.  Seed  the  number  of  turns  required  fit 
the  point  of  intaresctiOM  with  the  turns  scale. 

The  following  formulas  derived  froa  the 
spiral  coil  diagram  &ro  helpful,  if  other 
variabtoa  are  Used; 

C°  «  P  (pitch)  x  SI  yiaraa) 

Outsida  diameter  -  ingido  diameter 


Outglste  diasuistos”  -c-  la  aide  diameter 


Inclufllon  of  Inductors  la  printed  wiring, 
which  i«  practical  at  ultra  high  frequencies 
and  tlie  higher  portion*  of  the  vhf  range. 


*  C  Is  the  depSh, 

f  A  Sc  the  avera®9  rs^asat 
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TabU  4-3— .JmSnrtaate  of  Etched  Spiral® 


rjicrooenriM 

O-B.-U).  (to.) 

Line  widths,  apse*® 
(ini 

0.15 

V*-s/e 

8X1B 

1.15 

S/4  -  3/S 

0.019 

3.50 

1-1/4  -  1/S 

0.015 

For  silver  ceramic  circuits  at  1  Me  the 
dielectric  constant  is  abotst  5.6S  and  the  lose 
factor  0.0041  plating;  2- microhenry 

coils  will  attain  Ki  m  128  id  1011  Me. 
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5*1®.  4-0.  Carve  showing  pernw  tm ctor  vfl.  fre¬ 
quency.  I'Sisa  ®c*  Carp.) 


Assembly  of  nomponesfci:  Retention, 

Soldered  Joints" 

Most  small  circuit  components  are  new 
available  in  type*  having  leads  or  lugs  for 
inserting  into  Swiss  in  printed  wiring  and 
dip  uoldoring;  this  includes  resistors,  pager 
electrolytic  and  ceramic  capacity  .  'lodes, 
translators,  potentiometer  a,  R-C  nail  assem- 


folios,  js3iE3  trssseforsjere,  roctifiegs,  tub© 
socket,  and  mum  ethw#,  m  shown  in  Fig, 
4-10.  Is  ®  few  eases,  ftomo  progress  fe®<s 
feeen  sicds  fa  etendardiaEthg  pin  spacing  ea<? 
diameters;  Table  4-8.  Thar©  ic  also 
a  basic  stnEstoei  (EXA  HS-488)  toward  getting 
all  termtawitous  oa  &  "grid  moduio,>  e£ 
multiples  (5a.  6.023  Such,  ifeae  lead*  or  lug* 


Tig.  4-0.  Nomograph  lor  printcil  circuit  kiviuCter  tfaatg® 
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Kg.  4-16.  Compomn-Ji  developed  for  iw  Ba  prC&ted  wirtag  board,?,  L 
SeU'J'sn  rsdlUer  with  raap-ln  tcnn'.oul*.  i  Elc'cUwSylfc  liKor  ca¬ 
pacitor  «|&  tocSc-io  tobe  sad  connectteM:  toyed  to  eferiag  board  tofesa, 

3.  Powav  real  slur  wtsii  prongs  P.rrangedtopmeallxa9Kp»?  eoonccttea, 

4,  6,  esd  9.  Foil  and  csnuats  cspficitar*.  5.  Sfcasll  5*&a3»r  capacitor. 
&.  FUudbto  pjvc:'  roeiitos-.  f.  Mfniatnra  jjosa-s-  resktoro,  30  and  11 
fctegrtl  unite  containing  rosiatora  and  capacitors  fatoswsBy  con-’sctaA 
U,  fcloliinls  rotary  switch.  S3,  Screwdriver-operated  esateMe  resistor, 
14  sad  15.  Variabls-reslstosr  eonirulp,  38  £Circ«*ls  89.  y&siaus  typc-3  e i 
tubs  eoftota. 


!  I 


ere  stiff  and  short,  to  tee  ersd  onctst;  othora 
arc  flexible  and  require  catting  and  fca’snlag 
as  used.  A  few  compoosais  esa  Sts  had  ob 
tape  in  reels.  Methods  cl  aassaiMlng  coajaioo 
components  arc  found  !n  Table  4-J„ 

Generally,  «U  cottvocSScwaS  eewMSl*  ar* 
mounted  on  the  *ldss  sS  the  printed  circuit 
board  opposite  &a  jpa U&m  ma  that  fey  are 
not  Immersed  In  tl»e  gpsfer  (feeing  Sts  diyjshig 
operation,  in  the  cace  of  two-atsfed  ci  melts, 
iho  compos® ntjs  asv  rrxMfii&d  oa  t he  *<S* 


opposite  tka  me  to  &©  dipped  If  ecsajssoealg 
M-s  to  he  Kscar.ied  ca  the  dip  add*,  ffcs’y 
saust  bo  arswrafeted  sftar  doping  aud  eoJSdsresS 
with  a  hard  sjroo. 

Ketos  to  roc® 4vfl  epmponcwts  moot  ib®  witMs 
a  tow  ikmm&SQi'j  d  a&  Such  To  provide 
cafiiSary  ?5«e  m  proper  fUlet  tn  soldering, 
fflr  fc.ulty  Joints  Kill  reciit.  Compromise  tens 
is  {ttfflosii:  fee  0.032-lncb  lead*,  O.OSCMncb 
boiss  arake  tetoosmtlc  insertica  more  certaitss^ 
tei^  ft  ©43- tech  fcoios  give  sstroagar  ssrfdsstr^ 
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HvM®  <g-®—iyp!sat  Automate.  kersnfoaJa 


Oarapesi-it;  j 

Term  Seals 

ElecirMytSs  ®6gssst84'P  ( 

1-3/8  is..  OJJ.  afiosivolytie® 

Ha.  OJ>.  (aJerts^rdcffl  i 

KleetrotytJs  ea& asifevs',  ! 

1-pis  tube  .:-v^js 

9 -pic  tsfce  aedtete  < 

Ceramic  dirh  capacitors  ' 

S.009  to.  wide,  0.i#3-SjR.  prcjErttoa  ec  0.S2S-!a.  rsdSus  circle 

0.0-59  Sa.  uWa,  9.1 51 -to.  jraJaatiOR 

fil  8.6SS-te.  Sioiee,  project  1/1  is.  on  0,740-is.  dteneter  Tirde  | 

Fit  S.OfS-Sa.  JscJs®.  jwpjest  S/8  la.  ©a  0.S33-!a.  dteseter  circle  1 

Inga  9.063  to.  x  0.0K3  to.  or  Bo.  20  wire  ep*s>«J  0.KS0  to.  er  0.37S  la.| 

Joints.  Sprteg  eMws  Inserts!  ia  ?»3es  sr 
clinebod  t©  Sesda  tiro  cccaalosaily  use/  to  im¬ 
prove  this  fit  aad  Sites  aoktesfl  Joint  strength. 
With  regard,  to  eyelets,  hca&wvsr,  come  ®ngl- 
ntsora  are  opposed  to  their  me,  finding  mam 
Impairment  ..a  tbs  board  *»$  effl&iactor  side 
G?  tfta  j-oici  tfeaa  ImptevesKest  bcVsragn  kssd 
sad  eyelet,  Rtejfi©  well-ffiM?*?  jdrt5  ars 
regarded  a*  fessS  by  »r>a«y„ 

Since  every  past  within  otdgpteard  esjuipeisiA 
is  subject  to  replacement,  printed  wiring 
board  coastroe&ea  techniqstev  mast  alto®  for 
repetitive  nahSasteg  and  vmetdiertag  eperatkwg 
without  Aggradation  of  the  fsil-te-plMtic  tend. 
Tharefore,  eyelets  sirs  required  to  eMjiimrd 
equipment. 

Although  Hared  eyelets  easy  give  ®  laors 
reliable  electrics.!  eormoctlca  ffeaa  rcllod  oye- 
lets,  field  eapesfense  generally  indicate*  that 
eyelets  should  sot  be  deposited  ispoa  for  elec¬ 
trical  eonnoeSScra,  Therefore,;  MlL-S'Sf-5'iS 
requires  ths*  teds  he  ettegfeed  direct};  to 
the  foil,  thus  dfcainotlng  toe  ®yolat  frosa  to 
electrics!  path.  &ov4>rsl  ssoBsting  racSStodfi 
are  shown  te  Hg.  4-11. 

Mechanics!  retention  of  etasll  corapaesats 
Is  by  leads  elcsse;  the  stresses}  Joints  (32  to 
30  pounds)  oc-L-v::?  when  tte  leads  «:■  ••isding 
through  fetd®s  are  clinched  ca-er,  but  no  agree¬ 
ment  has  he  "a  reached  as  to  5ho  Eficoertty 
of  clinching,  useeb  coartrr-xtisii  being  with 
total  reliance  m  tha  wedgfcg  r«t@nti«a  c€ 
ooldor  ia  tha  kale,  reposted  at  18  to  39 
pound*. 

R  1»  equally  important  to  sEOuat  tha  esa- 
potHait  to  jBewst  leads  palling  or  pushing 
the  ccssducter  loose.  The  mcsatlnga  of  51  g, 
4-11  istelrrt  "swaged”  asd  /“beat1”  lave 
tetter  converts V3  teat  transfer.  i'opaes  vifera- 
iioa  requirsaewts,  lead  Isogite  afatmkS  be  a 
Ejhiinauns  esd  toad  tend  rasHI  large;  as  nay 
but  a  very  assail  card  it  will  ate  cat  certainly 


be  necessary  to  “‘shake  dovra”  too  He*.!  do 
alg*.  Generally,  components  of  over  l/%  ovate 
efcDold  be  tied  to  tte  bo'-s’d;  and  in  the  rang® 
oi  ICO  g  (rvccolerjlitn)  a  400  g,  smaller 
ecBiponoats  should  be  properly  tied.  Boards 
plugged  In  edga  coossetore,  Tig.  4-12,  n m& 
special  attest!  ca  by  clamping  at  thslr  safes’ 
end. 

Smm  experteuee  indicates  thrt  epoxy  reals 
cas  te  s«©d  to  hold  dewu  small  componente 
to  withstand  20,000  g  shock  and  20  g  vlbra- 
fctoa,  0  through  2000  cpn, 

8Ma  tor  quality  control  of  soblered  Jatoto 
to  etsepset  eqsjiptuffl-it  can  ganorally  be  ob¬ 
tained  by  bro  or  saccrv  40-fesrr  cycles  aS 
H  C„  tfeo  rocoftd  at  6S  percent  HK.  (81 
Vempar&tur&a  as  tow  as  -85  C  do  not  di¬ 
rectly  affect  beards  tailees  froeting  occtir®, 
bet  weak  solder  may  give  -my. 

Bol&rtng.  RsllabSlMy  of  the  end  eqtosKOPEt 
ieTsaavily  dspendesrt  ca  stddoriog  coach ticiia. 
Bath  tenparatm’es  ordinarily  Heed  to  se-cura 
fisely  flowed  Jotots  tetweaa  metals  cannet 
be  employed  with  l*xntaato-bs£3d  wiring  tost 
to  Vtk-oly  to  suffer  frcaa  blistering  and  itajpedred 
tsmtS  strength  at  a  vaSaa  ci  tAm  or  aateo 
23  degrcoo  of  232  C.  This  lo  mk  far1  eteve 
the  liquidus  (ISO  C)  sven  td  the  n©ar-oc- 
eoctlc  goldors  sasBaiSy  specified  tor  d ads. 
Sold®?  60-40  with  &.  'iqiLiiiui  of  ISO  C  can  te 
Heed,  but  t)»  raago  of  fluidity  la  further 
ceaspsosnlsed.  Pot  tofr-^s^natus-ea  ere  Sequent- 
ly  lowered  by  inserted  assemblios  to  the 
steah  point.  Cciiaeqiisntly,  large  baths  with 
closely  regulated  temperatures  are  ndvlsod, 
and  the  surface  ahmiM  te  kept  gcrupajlcusly 
clear  of  drocs. 

R  Is  act  poasible  to  dlertsss  itere  all  the 
jjtarsuaetors  cl  mechaato.ed  soldering  of  which 
there  are  several  types.  All  soldering  to 
comproinissd  by  coskIIRobs,  aad  since  mecJSE- 
sised  soldering  isvolvss  the  simultaneous 


Tabs®  4-7 — Method  d  Aweabiy  d  Cesapcaestis 


Cecnponcsi 

type 

Available  is 
modified  loroo  ] 
toe-  dip  ooidort*^ 

.  J 

Eaggestcd  method 
of  teetaUstica 

Restetore — 

1/4-  lo  2  -trait. 
IraisUvcd, 
car boo 

Mo —  but  sa-c  avail- 
abit*  with  pre¬ 
fers*:  d  lead* 

Bead  lecw  at  right  angle*  bo 
cic#er  than  1/8  inch  to  re¬ 
sistor  body  and  push  through 
boles  5a  circuit  board.  Bead 
over  or  crimp  on  bottom. 

Resistors — 

5-  to  20-watt, 

wts-e-trowsd 

Mo 

Bolt  mounting  strap  to  board 
aitd  insert  leads  through 
holes  provided  in  circuit. " 

Cupr.cilora — 
ceramic  disk, 
tubular 

Mo 

Bend  lee*’ '  2 ad  insert  in  bole* 
provided  in  board. 

Cs^scitoro — 
electrolytic, 
tuba  las- 

Mo 

Bolt  mounting  strap  to  board, 
bmrt  lead*  in  holes  pro¬ 
vided. 

Csj radioes -— 
doctrolyiJe, 
EStsl 

T«3 

s  Tail  a  inserted  in  kolas  end 
bent,  or  in  aiats  and 
twisted. 

Capacitors — 

tusfcng 

T«S 

♦Tormlnai*  extend  through  siot* 
In  board. 

Trsariorsisra — 
i-S 

Tt* 

•Terminate  snap  into  Blobs  la 
bcsrcL  ] 

Trasslonr^ra — 
r4 

insert  bent  tesdo  through  boles 
is  board  which  will  serve  aa 
Bijppori. 

Tnuycionostr* — 
audio 
and 

Jio 

Suggest  heavy  .  ratvjforvnore  not 
be  mechanic iilly  'ocuntod  oo 
plastic  boards. 

Tubs  fioeiot*  — 
molded  7  -pin, 

8 -pin,  oetnl 

Ye* 

’Snap  in  single-  hole.  Avail¬ 
able  with  or  without  key- 
way.  Sfalctcb  and  holders 
also  available. 

Tube  oecfcjtg — 
sWccntahihue 

«o 

Etount  aiandard  HoclteU,  pins 
through  board.  Advlgicbl? 
to  wire  tubs  directly  to 
pattern  and  olirolnate  socket. 

Volume  snd 
torn?  caats’Oia 

feu 

’Tabs  Inserted  Into  holes  la 
board.  Avaltsb'.e  with  or 
without  right  angle  mount¬ 
ing  provisions. 

SetonluiB 

rwctiiiora 

tee 

"Tabs  wrap  into  slots  In  boerd. 

Plugs  sad 
reospl*c5*« 

Tee 

’Printed  circuit  pattonj  of 
parallel  lines  brought  to 
the  e<%8  of  the  tongue  on 
the  board  pluj  Into  special 
recc-plsclee  macks  for  this 
porposs. 

16C 
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TabU  <i-7 — Method  of  Aaaeissfl  .  ftl  ©erj  {er 


Component 

type 

Av  flli-  in 

modified  form 
lor  &';■  aoldtrlcfl 

Sagjeoted  m«thoi3  ! 

ol  r-ilRik-  ;! 

Colls— 
wirs-wtwid, 
noovarlat'  ■>, 
tubular 

No 

Mount  joard  oama  as  car-floe  ^ 

IfvyiJfL_s  Ji'Se 

Colls— 
to  to!/  ::, 

Xto 

.  :'«ait  on  totnvd  In  coaveirlional 
mimnsr,  ...an  sticch  IflfltW  j 

through  >loo  in  beard  t» 
Ipattarn  ea  opposite  elds. 

Col  ?-3— 
teesd 

Ho 

25oiml  to  board  la  coo-rscttceiil 
aarutor.  inrort  vjiso 
tSiros'.gh  I'jolcs  to  oicat ;  vitera. 

CoiKsling  units-- 
pritiSctl  oa 

ceramic 

Ye^ 

“Bavo  taba  oioatg  or.s  cC;;3  to  fit 
tato  hoics  in  hjard  saaotii^ 
pattesra  ea  opposite  akin. 

Syslrta, 
iu-ret  togs, 
stamped  usgs, 
pllci, 

lamp  hards. -tro 

No 

ttewnlly  movstted  to  S>oard  ia 
ccaventiotral  maasisr. 

0  Chech  specific  eompoccni  maaato.etWj'Sirs  for  details. 


eotabll- hment  of  s  larga  number  e£  soldered 
joi.,-  3,  it  geoars’iy  reaolvoa  Into  a  struggle 
to  provide  oyilirmiH  soldering  circumstances. 
To  have  some  working  range  below  the  celling 
siit  by  tha  e>  urnne©  of  printed  wiring,  it 
is  advisable  u*  a  soar-eutectic  alloy  and  to 

control  cont  .jilna.Lu-n  entering  from  snetal.a 
dissolved  from  component  loads,  and  toe  Hr 
which  migM  raise  tha  roelti’-y  range.  Opti¬ 
mum  condition*  ftrs  preserved  by  use  of  cloau 
otsdds-frso  loads  and  by  having  wiring  fcooirds 
protlnncd  or  plated.  Normally,  dip  sold  ring 
can  be-  performed  satisfactorily  in  2  to  3 
eecondr,,  but  any  dapertore  front  the  most 
favorable  coRdlticne  increases  ihs  required 
iima.  Very  heavy  component  lugs  sr.ay 
require  longer  dip  times  and  possibly  hlgfcar 
bath  tomparstuswa. 

Wiring  board*.  If  not  freshly  ck ' nail,  rs~ 
quire  protection  either  in  the  for-,.,  of  electro¬ 
plating  (solder  plating),  hot  Sir -dbg,  or  ftps 
of  a  nenliUorforing  “  waicr  dip’’  lacker. 
The  protecting  metal  should  not  be  one  that 
will  Impair  the  seller  la  the  pot  rmiS  accusin' 
lnlee. 


Tne  mly  octablisdisd  nonce  rosive  flux  is 
W-1V  roidn'in  alcohol,  but  its  flsudnjt  ectioo 
1*  too  mild  if  tha  parts  arts  badly  tarnlslud, 
result  dj  hi  dofscllv®  Joints.  Activated  fluxes 
yield  coosiatentiy  better  Joint*,  bui  their 
a 


activating  agent,  whba  is  removed  by  tha  haat 
t>  refer  o pH. mum  coi,  .iltica-3  Sa  corrosive  and 
coEductive.  Bus  removal,  with  solvents  aeZs 
to  clad  laralnoto?,  is  mod  rdviestL 

Ksteiwivo  references  oa  tha  gcasral  usi 
of  soldoring  la  ’octronic  equipment  c?:s.  bs 
fossil  In  the  proceedings  <g  4wo  KIA  *yca- 
poctft.  (0,  1) 

ftetecttv®  areas  may  b®  auidered  by  the 
i?so  of  ••i.asSdng  tooes;  was  flur  resle*..  have 
a! Co  boon  auggootec.  by  Camaoo.  (8) 

D3S,«N  RisQUiU^fHNTg  AND  Pit-  CKDURK3 

Ivs  doslgni”.-.  printed  clreulte,  the  choice  d 
bace  mater!, d  isjthe  tire’  consideration.  T&t* 
to  dependent  upon  valuation  nf  all  She  me- 
cbaaieai  and  oleotrlcai  proportlec  cgsdnot 
turn  specific  onvirenmeat,  ©mi.  ranee,  aod  cc«4 
li.ia.iifl  eoi  by  tha  end  equipajesiL 

Tfca  else  and  ohapo  cf  the  board  baal- 
ca'ly  dapo.nd  upon  the  .imber  at  cirouit  cam- 
poocr-B  and  tha  mounting  space  evaSl&blo  is 
tfco  oqulpraer,-,  Coi:  ’derail on  mast  bo  glvaa 
to  fearp,  strength  psraiuefors,  shock,  vibra¬ 
tion,  and  tamparrut.ro  cycles  e  that  may  affect 
or  limit  dimensions.  Doolgnlttg  for  mechanical 
etrew-tii  is.  tho  laminate  in  a  major  factor 
in  jpowtociug  lomrl.tvod  equipment  IS  i«  off  as 


107 


■3.  f 

*  1 


-•  *• 


4- 


cfr/asicgacws  to  oopnnto  ttc  siring  into  nacre 
ti.va  cm  prirled  ©lying  board,  jouttinlr.^ 
tectleaai  co iBpopsat  pso«p3,  tor  easier  eerv- 
icissg  of  the  osjtdpjnegt.  Sir®  is  also  i*ier- 
mtead  efficient  sk£  of  ih*  toll  laminate 

„>3hest,  srhida  varioc  &samg  ajeraseJactui  ers, 
by  graeesBisg  aad  by  '’ssenabiiBg  eqidpsica? 

-See  Table  4-3, 

Conductor  sa-cclitg  is  g.  7«»  .red  by  tbs  volt¬ 
age  hetw>3<«  ecr-fectora  vs.  leakage  sexier 
MGistore  sod  altitude  coadiueite  anticipated. 
See  Fig.  4-6.  Uasdasom  voltage  eto  leakage 
rftrigtaac®  may  delenaics  ti«  type  oi  n»- 
tsrial  to  be  used.  Tba  Mhematic  sfc .  M 
always  be  esaratoed  to  datorratos  the  :-e 
and  s=e  volts,  g  ’8  feoto/caa  any  two  ecnductors.. 

Ph’ceeajAog  sad  cjsarcthig  tcrcsfitiosjc  play 
aa  important  par-1  In  tba  eolbsth  at  the 
board  and  tfc-3  Irsyoct  of  t&s  cjress"  :tr=H. 
High  smUots  requir®  Isuninatos  be-  ttes 
3D3EP.  H  operatioii  must  Sxs  rr^iatoined  Is 
highly  bitusld  atoicsp-hox-od,  a  £?«*.•  cloth  t  -.ss 
manorial  is  probably  ms.*  c  dtat  'a.  <Umba<v- 
mstrlc  pressure  from  cyj  «.Uca  a',  blgli 
Utudas  is  a  c&mso  lor  greator  arc-ovs--  possi¬ 
bility.  Final  potting  or  embedxacnt  may  !r> 
considered. 

For  ecntSartors,  copper  (oil  ij  available 
1b  1/2  ounce,  1  ounce,  2  oiu-..:m,  a<-4  S 
ounces  per  aj  ft  thickcs-sses  to  both  elec¬ 
trolytic  and  rolled  typos,  %  end  2  oitocos 
being  by  far  the  most  common.  Nonstandard 
thickseaisee  aro  also  available.  Tompsmtoveo 
above?  i„-3  3  call  for  plated  copper  or  neri- 
corroding  r-  Jal«.  Current  rating  commonly 
iiaod  for  the  design  of  ccaui-jctors  is  live 
vslwa  that  caucus  a  40  C  rise  above  r  om 
tempor;dure  of  "5  C  but  this  Is  no*  ri&ivd- 
arrftoed  (Fig.  4-6} 


The  ceralfi..  phsecjaeoa  la  8»  ccocegi 
t.  '«Kiw-iar  to  aerator?  rise  are:  (1)  the 
mis.  vnrHi  perm  -ible  ^wraths®  taaaperatore 
oi  LuO  n<S serive,  ,*>)  tbs  minimsas  periaisslMe 
bond  .,  mgtby  sad  (3)  t:  '  iai*3*ss  aeMant 
toaipar  to  in  a  gives  ap  . .  'icaa 

TF-v  rating  giv  n  aixrre  for  iFm  dssalga  ef 

:®du  -  wb  .mould  '•»  ecRsiderai  i  the  light 
tbt  fojiotsiBg  t  :f?rl-3-nce  of  •»  Bams 

of  Saps  sjTfe  ccAi'-rt  fej  .a  n*stt  sto:  (1) 
tik.  ?  i«  t  to  foO  pere- i  swi*.-  =lcsi  la 
the  ?if riant  cr  Trying  capacity.  ';vanp  J«d  to 
oBcr  led  bac.c,  (2)  the  sorfac®  m  tfc,  coe- 
dRcic :  roststiviiy  varie  s  mor«  ’dsli,  sad 
ewer  greater  r&nge  tbau  with  ;sa- 

.  wialo,  sjhI  (3)  no  eootlsg  u&mij  c-;?3 
ti.  (on::’'*«lCii  cf  ca?i"asion. 

8t*ffl-by-Step  Prccai'.-qra  to  Layot^ 

A  logical  approach  to  eaUgfacSgary  Ixyoai 
is  tfc®  broasPvoajfd  tec'  ’ilqpe,  -eEach  can  b1? 
aood  to  Bbnidato  ths  oveotaat  gsrfesfyd  cir¬ 
cuit  Vos  ssretoaianrjr  doajjpa  ..ind  tost  por- 
5»®efi»  foUo°riCf  steps  asa  r»o«KS3e&d*& 

1.  Obtain  Bocossarjr  soaspener^  prodeco 
?!k)  Orel  eampio. 

2.  Place  rlt  cocapcconte  esa  3  ti&nt  eg 
cardboard  os-  p’aeiic  tran  c-'-ti-aerw  r.3  cloeo 

■9  poealble  to  testing,  order  So 
tba  Bainlnma  area  o2  t'  n  ••ircaH.  Cc  ->ef  der 
tbs  also  of  cosnpoti'ti. .;  with  ’--asda  .--at  have 
fc»*en  cut  arc?  forenod, 

3.  Determtoe  aad  e?"  rich  r.saose  <^dra- 
bli  nhepe  for  ?ho  circ  It  bo:  nd  -wiih  -••-.'aa-'-d 
for  its  loitgtb,  support,  warj  k.1  so  forth, 
within  tt»  Umitailoop  of  a  g  -ea  Katori£; 

4.  Cut  tha  fosjpli'te  to  U-.J  &*®lr'a*S  s.-..  ’.pa, 
leaving  It  at  l«ast  25  peitrent  lou-^ar  ttea  tl» 
rahsimuoi  area  previously  detonal--ast 


Tab-.-  i-S — Characteristics  G*»  ay  Assembilas  or  FsbcttatJ-sg  ISotetg 


Syolsin  or  sx'ichtoe 


Board  oli«  (In  ) 


CoeipoRnsl  epstciag  (is.) 


OE  autosisUc  component 

must  8  x  It  D.iv:)  asla  sitie-by -shh?  c4ag*«rcd 


Oesanil  Milis,  Autoiab  m*s  10  x  10,  tain  S 


Hole  61-  -rati.-  :  (Pi.) 


—  -  I 


United  $Jx>?  MacMner 


Mc’par.  Miai-t2cch 


Krto,  PAC 
RCA  j>:r! orator 
Zfljssr  EsuiiJpiv  drill 


mss3  5x8 


1.8  x  2. to 


mas  3  x  17.9 


- - - 


0.8  and  3.3  l*ad  tspsciag 
0.300  siaaitcred,  rosrs  0.100 
3.10  grid 


mifs  0.i-50  C-C 


»  A  Mnv  verutew  acceptB  9x6  approx. 


-  ■ 


8.  Decide  wiser®  tha  input  »»d  outp£  tt ages 
and  teraimLiea*  should  be  located. 

-  6.  fcscato  *11  tike  eocksts  beginning  sp- 

prsuiJBately  with  tint*  inpert  staga  aatJ  foito^teg 
the  order  os  Use  oebsiuatic  (left  fa  rfgfcl) 
to  the  cctpst, 

7.  Place  is  yct’ffc'oQ  all  compoitcatSs.  vj 
determined  by  mechanical  cencider2i'iais£}  to- 
cltsdi.03  eaMns£  *j?d  nodding*. 

fi.  'Locals  all  large  eompcsissto  as  cloeely 
as  possible  to  t&sir  rcteicatSc  ordar. 

®.  Draw  a  tenteitea  layout  at  the  long  se¬ 
ct  oiea  conductors,  euch  as  fLUmezs  said 
ground.  Use  Use  insulated  body  of  tbs  cocs- 
ponsnts  to  achieve  crossover  connect! arts  whoa 
required;  this  eliminates  the  necessity  for 
two -aided  patterns  or  wire  jumpers  by  aisEpiiy 
straddling  o no  or  more  conductor  patteras. 

10.  Lay  oat  plate  and  grid  cocacctiOES  with 
ibeir  associated  components  so  that  tha  toads 
are  isolated.  Utilize  grounded  areas  c4  pat¬ 
tern  beicrecn  iho  plate  and  grid  lies*  to  act 
as  an  electrostaxie  shield. 

11.  Complete  Use  design  by  laying  os4  all 
tha  remaining  c endec  tors  and  compossscte. 
Rearrange  eompeeenis  if  necessary.  Cccdoc- 
tors  may  be  changed  and  roarraiif @d;  tat  by 
following  tha  simp! 3  principles  of  this  ap¬ 
proach,  the  changed  required  should  be  lew 
and  ml  cor  ie  nature. 

Testing  th«  Layout 

H  iff  desirable  to  toet  electrically  this  Hrs* 
breadboard  modal.  To  do  this:  (11  eel &ct  s 
piece  of  unc..id  plastic  of  the  type  to  bo  rs*d; 
etti  li  to  ihe  tore  and  shape  of  the  canSsoard 
model.  Place  the  cardboard  over  the  plastic ; 
and  utl  11  ring  a  sharp  instrument,  locate  tfe* 
carters  of  all  hole*  through  tbs  cardboard 
with  a  scrlber,  marking  onto  the  plastic  be¬ 
neath.  (2)  Drill  holes  In  tha  pi njsii c .  SeJ.oest 
hardware  and  components.  Bend  pigtails  of 
small  compocvmta  ni  rigid  angles  and  pash 
through  boles  In  the  board.  (3)  Make  elec¬ 
trical  connections  to  all  components  with 
solid  wire  that  may  bo  Insulated  or  cain- 
sulatcd.  The  p*ih  of  the  bus  wlroa  should 
follow  the  cl  .itched  layout  aa  closely  as 
possible  on  .10  cardboard  model  to  simulate 
the  final  p- toted  circuit  layout.  This  model 
can  then  t  *  tested  electrically  and  further 
modification  made  if  declrod. 

Drafting  the  Master 

Once  tha  initial  design  In  the  bresutxjard 
h-.s  been  made,  the  black  and  whlto  master 
may  be  drawn.  Standard  tolerances  can  ba 
utilized  to  advantage,  as  these  ars  fairly 
well  established  (Table  -s-9).  Accuracy  must 


asswea^rilyr  star!  wKIa  4fea  roaster  draswisg, 
as  tha  final  circuitry  Is  a  direct  pfectcgraphfg 

Material  a  usc-d  tor  a  raaotar  draw-tog  issit 
Etavo  sxtesmely  good  finish  and  high  eonSrante 
im  photographic  copying.  Conductor  patterns 
should  bo  drawn  with  black  Irk  os  dimes-  ' 
siosally  stable  sheet,  Bristol  or  Strathmore  „ 
board  may  be  used  \»b«r*  close  tolerances  - 
as*®  not  required,  ted  for  toast  disterttoa  by 
temperature  and  humidity,  Ksoitol  aad  Estw 
Einbiteae  or  &a  Peat  Mylar  with  a  fficasne*-- 
prcsteclble  grid  patters  ia  recomrsaswtod. 

Drawings  are  ccnwaaiani  si  foer  tiredS 
tc-toal  sire,  but  etten-  scales  may  be  used 
dopssdlng  oa  finished  tole ranees  asd  oro- 
cWoa  to  which  the  asastor  drawing  itself 
must  bo  mads.  Tho  seals,  at  at  ieart  aoa 
critical  dimeosiejs,  should  be  clearly  te- 
d  icatc-d  os  the  tine  wins;  as  a  goiers  tor  the 
yedaciion. 

Ter  ce enemy  and  c«J®a  in  dip  -sobtoiitt^ 
lisa  widths  of  1/16  lad  1/8  Inch  are  best; 
the  minimum  practical  limit  is  0.0?fl  toefe. 
Nambcrc  and  lottora  should  h0  drawn  at  least 
1/0  Inch  high  with  u  minimum  ii.os  width  0 £ 
0.030  lech  when  reduced  (0.015  tech  forpho-to- 
eichcd).  Hots  contor*,  which  aro  normally 
etchod  out  and  later  us&d  as  ipotticj  gxside*.  * 
should  bo  blacked  out  and  d#«'.gn*ted  by  a 
white  dot  (0.020  Inch  after  reduction)  la  ti>3 
center  of  tlw  land  pattara.  A  cross  rbeaUl  t»t 
bo  ’Used  for  holo  center  ctesignaUciae,  as  thsif* 
icad  to  *tc'i  unevenly  frosa  piece  to  pises. 

The  diam.  tsr  a?  coppor  termlnul  ai-eas  la 
tbs  actual  printed  circuit  pattern  should  be  si 
lssot  1/16  inch  largos*  than  the  hoi*  slxa.  Due 
to  undercutting  during  etching,  tiw  actual 
drawing  should  tm  mssde  0.003  Inch  wider  psr 
0.001- inch  thlckncns  of  copper  for  actual 
tin#  required  after  etc  hi  eg.  Fillet*  should  bs 
aifed  at  all  point*  wbors  a  conductor  Itea 
jolno  the  termlniil  srean  ecrrcuiidlng  a  bola. 
Borders  not  tone  tlssu  1/3J  inch  wide  should 
outline  the  board  on  the  n’-^nter  drawing.  K 
tha  border  la  net  to  app:  in  tha  finished 

product,  th9  drawing  ghoa'd  bo  mails  »0  th.d 
tha  Lnsldo  edge  of  the  border  1»  osi  the  O’teflido 
•edge  of  the  board  when  finished.  No  circuitry 
should  be  indicated  doccr  than  1/32  inch  to 
tha  outride  eoge  .?  tho  part  unless  if  Is  ab¬ 
solutely  oecesmiry. 

TVo-Mdwl  pattorns  sure  best  tn*da  by  draw¬ 
ing  the  most  critical  glae  first.  When  opaqde 
board  Is  used,  critical  points  may  be  located, 
for  the  second  aide  by  shlllsdng  pinhole* 


tfercagh  the  board.  Hie  second  pattern  can  b® 
accurately  dram  to  the  back  side  ol  ihs  game 
otect  tor  proper  registry.  Edge  notches  cs 
two  special  guide  holes  ia  the  final  clmsfe 
iayoat  asay  be  required  ta  carry  rwgfertr^r 
threagii  i&fcricaticfl. 

Registry  in  the  master  is  carried  (see  Fig. 
4-iS)  by  a  good  optics  system  to  a  stable 
film  baas  each  as  du  Poet  Ereoar.  This  nega¬ 
tive  may  ha  multiplied  by  a  atep-smd  repeat 
camera,  but  Us  pattern  Is  transferred  by  con¬ 
tact  phoicprtotics  to  the  sensitised  clad  #».?- 
face  with  very  Utile  los*  d  (teftnitisn. 

It  is  necessary  to  have  aa  engineering 
drawing  papplomentlng  tire  black  and  white 
master,  (specifying  mu.artol  an.;1  all  mechani¬ 
cal  dimeceien-'r. 

Mochsuticsl  Fabrication 


Printed  circuits  made  ca  basso  of  Mgts- 
prasaure  laminate*  can  bo  drilled,  blanked, 
sheared,  sanded,  routed,  and  postformsd. 
Heavier  stock  can  be  drilled  and  tapped. 

Drilling,  Carbide  tip  drills  give  best  per¬ 
formance  for  long  run#  and  daop  boles  at 
faster  spindle  a  peed  3.  Normally,  high-speed 
steoi  drills  may  bo  used  with  SO-dsgree  lip 
angles.  For  thicker  eedtions  and  .  cepor 
hole#,  the  45-d?gre«  angle  Is  more  desirable. 
■  Up  clearsnco  should  bo  around  16  degrees, 
it  Is  n-2<co*sary  to  clear  away  chip®,  which 
may  be  «tocc  by  air  jet.  For  XXXP  mat  trials, 
-  drills  ire  used  at  the  highest  speed  possible 
without  burning,  »  i/4-tnc.h  drill  at  2500  rpm 
to  10,000  rpia  for  a  No.  50.  Wbcro  tolerances 
are  close,  overtire  drills  may  lie  required. 
Jigs  should  be  made  with  a  plate  beneath  ar 
well  as  a  cover  plnte  to  prevent  breaking  out, 
Glaos-baae  ciatorials  require  carbide  drills. 

Punching  or  Blanking.  Laminates  ar®  o&idly 
punched  wit l!ouf~lubr! cant,  but  moot  must  be 
warm pd.  Standard  punching  processes  aro 
u-eed  with  progressive  compound  or  multiple 
dies,  Phenolic  paper  may  ba  punched  at 
speeds  a®  high  as  300  strokes  per  minute;  for 
a  craeoih  edge  the  piece  to  be  punched  should 
be  heated,  regardless  of  t  hi  don  ns  if.  to  a  max¬ 
imum  temperature  an  tho  beating  oven  of 
250  F.  Punches  and  strippers  fitting  closely 
with  the  compression  stripped  plate  aro  rec¬ 
ommended.  Progressive  cltog  a.ra  satisfactory 
but  best  results  are  obtained  with  compound 
dies.  When  stock  to  heated,  an  allowance  must 
Jt>c  made  for  shrinkage;  blanking  punches 
should  bo  0.001  to  0.000  Inch  smallor  than  the 
•  sire  of  tb#  thinnost  blank,  and  spacing  b*- 


Ftg.  ♦i-5.3.  Chocicing  sklinittoa  esl  reg¬ 
istry  of  tbs  master  drawing  on  tbs  grated 
glass  of  ihe  pfeotoorerylr^  camera-  (Pr&- 
cLsiov  Circuits.) 

h7a«n  punches  should  alls*?  fca>  shrinkage 
from  0.002  to  0.01*  inch  per  tech  depending 
era  tH9  thickness,  iho  grade,  s»r3  the  hooting 
tomporatur-s  involved,  It  is  ateraya  wise  to 
check  for  allowance  by  tog  it  eg  a  pdece  of  the 
dock  to  bs  prmcivfd  at  the  cusicbto^  tempera¬ 
ture,  and  c hacking  aimcneional  chsngoB  with 
End  across  the  grain.  A  ml  a  (oft  an  violated 
in  printed  circuits)  in  that  the  holes  ehall  not 
1>3  smaller  In  dir  meter  *Hss  one-half  tfca 
thickness  c.f  the  #boet,  Square  eorairy  siro-",-i 
bo  radlusad. 

Shearing.  XXXP  coSd  punebisg  grade#  se4 
many  5?  tho  other  phenolic  clad  homluatea  cs.a 
fee  ohoarsd,  utilising  ordinary  head  or  power 
operated  e  he  aro.  The  guillotlao  typo  io  ss- 
tr-ocnely  efficient  where  large  trusnUtles  are 
involved.  Thlcaor  share b;  g-hould  be  boated  to 
approximately  120  F  to  qiro  a  clean  cut;  mo.?? 
clr.d  phonollce  can  b*  c»\d  sheared  in  thick¬ 
nesses  up  to  3/33  leek. 

towing.  Paper-  or  fabric -bswra  mate  rials 
may  I>o  bandsawed  woe  re  close  tolerances  or 
omooth  edges  aro  not  iiapart&iii;  otherwise,  a 
htillow-Kround  circular  saw  without  set  ehocld 
t>c  used.  The  #ar  must  be  key",  sharp  to  pre¬ 
vent  chipping.  Abrasive  wheel®  -re  desirable 
for  glass-fiber  stock*,  or  carfculoy  Inserted 
tooth  circular  tava. 

Post-forming.  Tho  post -forming  oncratlco 
for  print eJcl re ult i-y  Is  compiles'  -cl.  Messy 
time®  tho  circuitry  pattorn  boccal  .  rupiurud 
ox  slides  during  the  operatic©.  The  appli¬ 
cation  c-f  ire  at  la  extremely  critical.  11  i» 
desirable  to  avoid  post-fen T.'lng  oporatim# 
where  printed  circuits  ara  eoacerncd;  bus 
gentle  curves  may  b#  mad©,  to  *0C5r  osteBt, 
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Yabl#  4-9 — Standard  Stated  Circuit  Tolcrmsea®  (a  loesses 


1 .  Unplated!  boJ#e— diaatster  taHaraises© 

Drilled  . . . . . . U  _ _ _ 

Reamed . . 

Counteriwrcd  or  fly  cut  (dia  frossi  5/26  is.  to  4  to.)  . . . 

bast 

Punched’  (1/18  to.  thicis)  Up  to  ’/4-ln.  dis . *0.009 

1/4-la.  to  1/5-tn.  dla. . . . .  *0.G©S 

1/S-lo.  to  1-in.  dia . *0.004 

ytot  1-la.  dii . .  * 0.SC3 1 

Add  «0.001  to  above  far  thickness^*  d  3/St  in-  tiirocijts  1/3  t*u 

Routed  »!ot®  aed  notches  up  to  ?  ta.  . . .  . . 

Milled  oi-  fcroached  sfe>t*  and  aolche*  up  to  3  la. . . 


*  r  cfesr-d  t'.ois  and  notches:  Vsq  ■  rierac-cos  ;io  afcora,  cttnaldertag  both  Ltsglit  sm£ 
width  as  hols  diameters. 


3.  Plated  hale*.— diameter  tolerances 


Add  the  fallowing  tolcrarcas  to  lolorancaa  shown  ebsvo  ea  1  1 

drilled  or  ptrocfce-cl  belts;  .  | 

Drilled,  paper  born.  . . . . . . , . .  *0.004  j 

Drilled,  fds.es  base . . . . .  40.009  j 

Punched,  paper  bate .  .*0.003  | 


3.  tocatica  tolersEce*  cm  dtrounsksM  between  holao  (.rliitcd 
or  usplatcd) 

Drill  by  eya  or  "throw  array"  drill  jig*  . . .  sO.OlS 

Drill  by  pantograph  or  ebort-rua  drill  jig*  ,  . . 40.010 

Drill  by  Jig  bored  hsxdrtsed  drill  Jig# .  46.003 

Punch  by  RCA  tope- programmed  punching  isaehlns . . .  *0.1)09 

Punch  by  'WteehjciaEa  »hor‘-rwt  tevuplats . .  iO.OSO 

Punch  by  Wlsdeman*  steel  jig  -bored  tampfats . ' .  <0.00$ 

Punch  by  s-ia^rd  piercing  die',  oo  dimensions  up  to  2  la. . . .  *0.009 

Acid  *0.001  (ox  every  inch  over  2  la. 


4.  Hale  to  pottsra  tolsrsucs*  (oi>«  side) 

Tide 


iC.ces 

40.001 

4  0.006 


C-laas- 

haso 

*0.003 

4O.C0I 

*0.004 


*0.003 

*0.003 


Urpi&twJ 

SRsSsd 

Drill  by  «ya  to  pattern  (eampls  ran*  only) . . 

. 

within  0.0J6 
c4  crater 

Drill  by  leuapcrsry  drill  Jigs  cr  pomtosr' ;:■&  .... 

. 

wllMs  0.036 
cl  center 

T.dtkli  0..0S3 
•a i  c.rstsx 

Drill  by  prmawwcl  Jigs . 

within  0.015 

Oi  CIC'uV 

vttbtR  0.01  £ 
tii  ett^sr 

Drill  by  sp-setal  vIrsli  alijamenl  Jigs . 

. 

within  0.OC& 
oi  center 

—a. 

Punch  RCA  tApo -programmed  punch  . 

*Uii!a  O.01S 

ecarUr 

v4>>to  0.01S 
a.  canter 

Punch  by  WlbckaieuB  aiscrt-niu  torrniat# . 

wlthto  P.0S3 
cd  eeclec- 

witfctB  0.038 
of  center 

Punch  by  Wcedeasane  rieel  jtg-bured  tsrjplato  .  . 

art  this  0.015 
of  center 

wlffcla  0.011 
of  eeetes- 

Punch  by  sbas«kurd  pterctcg  dis 


within  0.019 
or'  center 


wKhte  0.019 
at  cwter 


2. 


Table  4-9 — Standard  Printed  Circuit  Tolerances  in  Inches  (coot) 


5.  Circuit  pattern  to  outbid?  dimension 

Routed  edges . 

Turned  O.D.  ..... 

Blanked  edges . 

-i  '  '  ■'  ■’ 

regular  *0.015;  premium  tC.OiO 
.  regular  *0.015;  premium  *0.010 

Milled  edge* . 

All  registry  tolerances  are  predicated  on  usage  of  an  accurate  black  and  white  master  draw¬ 
ing  ..  ide  on  dimensionally  stable  drafting  material. 

0.  Overall  dimension  tolerauwg 

Sawed  edges  .......... 

Routed  edges . 

.  .  regular  *0.010;  premium  iO.<K?3 

Turned  O.D . 

.  .  regular  *0.005;  premium  iO.COJ 

Blanked  edges . 

*0.003  pluj  ±0.001  per  in.  of  length 

Milled  edges . 

Sheared . . 

7.  Holes  to  outside  dimeasia»  tolerances 

With  progressive  die . .  .  ...  .  . 

With  compound  die  . . 

. . . . .  *n  non 

Drilled  and  routed . 

. . .  .  .  ±0  010 

Drilled  and  routed,  premlcat  .  . 

Saw  by  eye . 

.  ±1/S3 

Saw  by  jig  . 

. .  *0  015 

I.D.  to  O.D:  regular  T.I.fTf .  .  .  .  .  . 

premium  TJ.E.f . 

<k  Dine  width  and  sparing  tolerances 

ho  plating,  exclusive  of  akfes . . . 

.  regular  ±0.010;  seem  lam  ±0.&05 

With  plating,  exclusive  of  u'cks . 

.  regular  ±0.010;  premium  ±0.008 

Min.  line  width  and/or  spacing;  imp  :4 . 

plated  . 

melacoo . 

*  A  high-precision  grou*d<S*  will  reduce  this  by  ±0.003. 
t  Tolsl  indicated  runoeJ. 


evon  with  other  nonpost- forming  grades  such 
as  N-l  and  JL.K. 

Design  of  Switches,  CoauQutators 

Switch  elements  dsslgi«rci  Integral  to 
printed  wiring,  Dig.  4-2,  may  eliminate  a 
ccsuslderablo  number  ol  eoldored  Joints.  Pha- 
nolle  laminates  may  bo  used  ptscceaw'ully  for 
low  voltages;  but  If  any  arcing  occurs,  the 
effect  Is  cumulative  by  car  bodzaUoii,  and 
better  lam. .  . ilas  aro  indicated.  In  conven¬ 
tional  nonflueh  circuits,  arc  a'\d  brush  bounce 
may  bo  reduced  by  locating  tho  switch  ele¬ 
ments  closer  together  than  tho  width  of  tha 
brushes.  AltomaUvoly,  the  tiraah  may  be 
Hit od  by  a  d  tent  cam  in  panning  Interstice* 
or  a  naiccnnected  segment  (grounding  to 
rotor,  optional)  may  bo  betvree-a  DiCUve  seg¬ 
ments  to  yield  nonshorting  typea. 

Active  switches  and  commutator*  require 
enduring  plated  surfaces  and  aro  preferably 
of  fiuah  surface  design.  Risodluia  Is  the  com¬ 


mon  workhorse  coating,  but  at  high  frequen¬ 
cies,  nickel-rhodium  mry  introduce  some 
noleo  duo  to  ferromagnetic  effects. 

In  this  esse,  ©olid  diver  foil  or  silver 
plating  la  recommended.  Nickel  plating  may 
also  bo  found  useful,  Indications  of  tho  life  of 
various  combinations  of  metal  and  base  stock 
are  given  In  Table  4-10.  Gold  alloys,  ccbe- 
nlutn  wire,  ami  plated  phosphor  bronre 
brushes,  when  operated  with  contact  pres¬ 
sures  between  3  and  40  grains,  give  the  most 
satisfactory  wear  resistance  as  brushes. 

Finishing 

Protection  of  the  soldarabl'lty  of  copper 
circuits  up  to  tho  point  of  ordering  has  never 
been  ideally ’solved.  No’pb'.te,  scept  pcasibly 
cl  Ivor,  can  be  applied  to  the  copper  before 
lamination  without  Interfering  with  ctcKTng", 
and  silver  doos  not  retain  Its  oolderatdlity 
well  in  storage.  Plating  after  etching.,  unless 
carefully  supervised,  may  also  affect  bood 


its 


T»biu  4-10 — Characteristic#  «<  Printed  Circuit  Switch  Pities 


Copper 

conductor.. 

patters 

5/4-  to  1-1/2- in.  rfidhjc 

| 

mating 

Plastic 

tone 

Speed  range 
(rpo) 

■ 

Dife  range 
in  rerohitico# 

Typical  | 

sfViicattca  J 

Halted 

0.001-  to  0,001-ta. 

Bilw 

Fh*  nolle 
cr  epo&y 

tip  to  $00 

Up  to 
1,000,000 

Hacd-cpet^ed  detent  1 
awltchea,  high  fre-  ] 
qiwncy  sultche#  | 

Railed 

0.0005-in.  nickel 
with  O.OOOOCs-U. 
rhodium 

Phenols 
*7  epoasy 

Up  to  506 

Up  to 
5,000,000 

fervo  mechanisms,  j 
commutatorc,  #itp  | 
ring*,  stepping  I 

switches  I 

Rained 

0.0005-tn.  nickel 
with  10-  to  20- 
mlllionlhB  rhcdlam 

Phenolic 
or  epowy 

Up  to  500 

Up  io 
50,000.000 

Servo  mechanic!  aw,  | 
commutatoro,  slip  | 
rtn®*,  stopping  | 

switches  j 

Flii;h 

Q. 0005-in.  nickel 
with  20-  to  40- 
mllllcnth#  rhodium 

Phctoclrcalis 
btack  mela¬ 
mine  stufzced 
coctpo*iie 
lam! 

lip  to  2000 

Upward*  c& 
50.0 00.000 

High  *peed.  low  j 

tortjus,  bounce!*#*  | 
application*  j 

and  insulation.  For  thorn)  reattons,  techniques 
ara  now  in  use  that  selectively  plats  with 
colder  or  gold  prior  to  etching,  and  use  the 
plated  surfaced  as  etching  reeiste.  A  ssuin- 
mary  of  advantages  as  well  as  limitatioog  cJ 
coatings  is  given  in  Table  4-11.  Gold,  if  used, 
is  generally  plated  thinly  ov or  plating  nickel 
or  tin-nickel  (b.'-  !er  layers  against  plains 
d.ffusion  of  gold  mto  the  copper)  to  reduce 
cost. 

Special  Reliability  Determinant# 

The  more  commonly  noted  dofects  to  be  em- 
counterod  are  itemized  In  ths  list  below; 
ether  items  are  not  so  generally  recognised. 
For  instance,  in  toe  effort  to  remove  other 
coni-.inlnanfs,  deleterious  solvents  are  cites 
inadvertently  ueod 

Ordinary  Inspection  Defects; 


In  foil  used  for  conductors: 
ptnholog 
lead  Inclusions 
In  etched  conductors: 

pinholes  or  notches  due  to  thin  resist 
blisters  duo  to  over  baking  resist 
leakage  due  to  alkaline  cleaner# 
warp  due  to  baas  stock  or  unoigs 
scratches  due  to  handling 
statna  from  processing  or  handllnj; 

In  fabricated  circuits: 

drilling  burrs  (due  to  hard  spot#  In  elec¬ 
trolytic  foil) 

dimensional  changes  during  hot  punching 


eyelets  not  clinching  basa  stock 
breakoia  of  hole  or  ayoM 

In  finished  circuits: 

low  bond  from  solvent  cleaning  or  fcaidsg 
blistering  from  het  turning 
bond  undercut  during  alkaline  c  loaning  oar 
plating 

In  assembled  circuits: 

blistering  or  low  bond  due  to  soldering 
warp  duo  to  soldering  teraporatur®  too 
high  lor  the  lanaimte 
inadequate  colder  flUei 
poor  colder  capillarity  in  overs!  sa  Isalse 
corrosive  flux  used 

Deleterious  Solvents.  In  cleaning,  process¬ 
ing  or  punching,  hydrocarbon  oils,  groejfs#, 
and  chlorinated  •'njvenUi  will  attack  the  biles 
laminate,  particularly  one  of  tbo  silicones, 
auch  aa  G-0  and  G-7,  causing  svnelllng  or  Im¬ 
paired  arihosics  of  conductors.  Ketc-nes  are 
-  generally  recognised  by  NKfiiA  as  saftentr.g 
punching  grades.  Adbeaives  used  os  socae 
KXXP  and  other  stocks  are  aleo  al  fee  ted  by 
benzol,  xylene,  or  chlorinated  compoumla. 
Trichlorethylone  la  particularly  sms  poet  ores 
when  other  related  degreasers  may  bo  toler¬ 
ated.  if  doubt  exists,  the  sensitivity  can  be  do¬ 
te  rm  In  ed  by  checking  lire  tendency  to  be  sticky 
on  sample  surfaces  from  which  the  metal  ha# 
.been  mechanically  ripped,  or  more  precisely, 
by  measuring  the  peel  strength  dt  25 -mil 
line#  before  aixl  after  SD-mlmtte  exposure. 

Plating  Chemical#.  G-5  18  susceptible  to 
dilute  acids ,'lfHlcirprectode;")  etching  in  HNO*. 
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Table  4-11 — 8olderBbtiity  ja  Decreasing!  Order 


Coating 

LlmitmUOR  1 

Tln-ilnc  plat* 

2if>C  WfcflJwGff  joists 

Gold 

Sspeaelw- 

Stiver  (clean) 

Store*  poorly 

Cadmium  (clcsa) 

Store*  poorly  ' 

Copper  (clean) 

Store*  poorly  | 

Lacquered  copper 

Oporaie*  irrefutably  j 

Tin  (hot  dipped)  " 

Heat  weaken*  bond  j 

Tin  plate  (claaa) 

Tar  table  j 

8older  plate 

Comp  rem  U#  j 

Lead 

Poor  ®oldev,n$  3 

Cadmium  plate  (oaldlierf) 

Poor  solderlns  j 

Coppsr  (oxitiited) 

Poor  eoWeriaf  « 

Silver  (Urn.;»i»4) 

Poor  oo  Ida  ring;  j 

Tin  plate  (oxidised) 

Poor  soldsrin#  I 

rttckal  plate 

Poor  eoAderij^  J 

Rraeo 

Poor  soldering 

Chromium 

poor  stator  inf  j 

Aluminum 

Poo?  soidsrlitc  » 

Aiiy  polymer,  tmd  particular  adhesives,  may 
be  regarded  as  softened  by  strong  alkali,  un- 
loss  proven  otherwise.  To  coma  axteni  all 
alkaline  electroplating  deteriorates  inaulalloc 
and  la  bettor  when  spec  If  lad  before  etching. 
Reverse  current  alkaline  oloctrocleanera  are 
particularly  damaging  to  epoxy  clad  bond 
strength.  Aik  all  no  cleaners  alone  are  not 
damaging  to  bond  strength,  but  their  complete 
removal  Is  difficult  and  Insulation  troubles 
result  if  they  are  not  completely  removed. 

Silver  Migration.  This  is  a  phenomenon  erf 
ralEer  rare  occurrence  that  produces  shorts 
In  closely  spaced  wiring  on  cither  organic  or 
Inorganic  Insulation.  In  this  phenomenon,  (di¬ 
ver  oleclrolyticaily  grows  fine  filaments 
across  tho  gap.  Very  racist  conditions  are 
required — In  the  laboratory  an  actual  film  of 
water  from  90  to  100  percent  RH— plus  the 
presences  erf  silver,  gome  soluble  loos,  a  d-c 
potential,  mid  considerable  time.  8oluble  lens 
can  be  leached  from  most  laminates,  given 
high  motetur©  and  time.  A  summary  of  tbs 
facts  of  documented  casco  shown  that  migra¬ 
tion  occurs  in  the  presence  of  about  1000 
volte  per  Inch,  very  high  moisture  conditions 
at  30  C,  and  In  four  years  Unto.  These  oc¬ 
curred  with  silver-plated  terminals  in 
unclad  lamlna'es.  No  actual  cases  have  been 
reported  In  piatod  circuits  and  occur  with 
extreme  rarity  In  any  typo  of  printed  circuit, 
!'■  .haps  because  overplating,  normal  colder 
coatings,  and  organic  protectlves  retard  lts 
operation.  However,  silver  migration  ie  ""Ml 


ccasitfeFaS  a  definite  reliability  hazard  to 
printed  •oisiBfc  assemblies  and  must  be  con¬ 
sidered.,  especially  in  equipment  for  use  la 
military  cr jinmmomta* 

rainitJcuizaaiicn.  Multiple-board  assemblies 
are  often  jlealgned  In  stacked,  elde-by-slde, 
spokewice,  in  T,  K,  L,  or  eggerate  arrange¬ 
ments-  M  heavy  components,  like  power 
transformer*,  are  mounted  on  printed  board*, 
they  must  be  mechanically  braced  from  steel 
supports.  Subffliidatur©  tubes,  if  mounted  llat 
on  wiring  boards,  need  thermal  ground  plates 
under  them  and  preferably  are  he).  ’  in  thermal 
grounding  clip*.  No  specific  structural  guide 
can  be  gives,  but  all  multiple  miniaturized 
assemblies  must  be  rigorously  analyzed  for 
aiochmiical  a*  well  a©  thermal  performance, 
as  outlined  by  Bassler  or  tested  out  by  the 
procechwea  attested  by  Hannahs  and  Caxfiaux. 

(9,  2) 

Repair.  Inexperienced  servicing  can  lead  to 
serious  Assuage  In  printed  wiring;  elementary 
repairs,,  ssaeh  ae  replacing  a  component,  de¬ 
mand  essc&a!  teebniquos,  principally  In  sol¬ 
dering.  Force  cm  s  tube  can  stress  and  rup¬ 
ture  eauitectars;  dropping  equipment  6031 8- 
time*  irzsbsm*  tod*. 

U  at  aia  possible,  no  repair  soldering 
should  be  iaae  can  Die  actual  printed  conduc¬ 
tors.  The  rrs’en  for  ibis  dictum  can  bo  found 
in  the  graph  oi  hand  soldering  oifects  .In 
Fig-  4-14-  Tbs  result*  portrayed  in  tho  lower 
carve  a* u  from  a  1/1 6- inch  wide  conductor 
on  ua  eJsceHerA  testing  clad  SXXP,  running  Id 
pounds  per  tech  bond  strength,  frabjected  to 
spot  breateassfa  with  various  Irons,  and  nub- 
aeejaentiy  lacrameutalSy  examined -for  bond 
defect.  Eves  with  pencil  Irons,  half  the  bond 
strength  Is  l€£*.  at  the  point  of  soldoring.  Con¬ 
ductor?!  on  2DCXP  fire  specified  only  to  ©ndurs 
S33  C  for  30  seconds;  untoldoring  may  re¬ 
quire  S  2©  10  seconds,  and  in  3  seconds  con¬ 
ductors  caa  roach  300  to  400  C,  depending  oil 
the  wattage  of  the  tool. 

If  n  coGjSsctor  nms£  be  soldered,  pencil 
Irons  cjhouhl  be  used,  and  these  preferably  in 
series  with  *  150-watt  tamp  Better  proto- 
du.ro  Is  te  eet  the  old  components  leaving 
soma  loads  projecting.  One  turn  of  the  new 
compotront  leads  can  bo  tightly  wound  around 
tbe»o  siaba  aad  soldered  to  the  old  lead*. 

A  stripped  or  broken  conductor  can  Vv9 
Jumped  with  hookup  wire,  drilling  two  fine 

holes - tB93  ligtrf  pressure  arid  a  motorized 

handy  drill — -to  Insert  and  anchor  the  ends  if 
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noe-dad.  C«nptectoriB  est&sngared  or  broken  by 
si  fractured  board  stay  wrailarly  bo  repaired, 
and  fi»  board  a«zwrc£  «£  well,  by  tiding 
short  U  staplojj  c&  coocar  wire  inserted  and 
clinched  in  fioc-driltei  fcol.ee  in  the  conduc¬ 
tors  to  bridge  the  break  and  followed  by 
soldering. 

SPECIFICATION  SOURCES 

At  tbs  present  writing,  fee'  jierformsnee 
limits  are  available  from  one  agency.  Ir 
absence  o»  MIC  rpecilksticwa  (an  «rd.ating 
tentative  epecIGcalios  wsr  withdsvron)  any 
present  data  are  necw***rUy  correlated  Iras 
diverse  sources  using  intends  raised  mcihr 
ods.  (KIA  printed  wiri-ag  tmixx'ES mitt ec«  srs 
currently  obtaining  siardird  test  procedures, 
come  of  which  arc  rcev  in  us®  to  t»«isurs 
printed  circuit  properties  and  thus  obtain  data 
lor  limits.)  Nunisrw*  properties  oi  U»e  ccan- 
mGn  board*,  of  courea,  ase  derived  Irons  tbs 
characteristics  d  tha  b else  laminates  tar 
■which  thoro  exists  a  NKHA  sterdaivl. 

1.  MIL-  P- 13949 A  (Dcpcrwsding  &8JL-P- 
1S949,  25  January  1C55)  '‘Plastic  ©sssi, 

Laminated,  Foil -C lari’* 

X  Tm-hr,ic?i  Rote,  ’’’Printed  '‘Firing  Tcch- 
itlquoe,”  He.  j  Air  DeTelopsnetii  C  eater 
TN- 5(1-1  US,  Jum  lUii. 


3.  MIL-STD-438,  “  Printed  CirsuH  Tsmas 
S5k1  Definitions,”  13  December  IPS7. 

5.  uBt.axmnr<u  for  laminated  Ttmracwtot- 
PrcKhttf*/’  NKMA  m  1  Pari  7  (185S 
T«nial ive). 

8.  '‘Technical  Roqodraraent  ?w  Protective 
lasnlatesg  Coatin^is  for  AsSo-Ssrabled.  Squtp- 
saswit  iTdo.tallvo),  ”  Signal  Cor  pc  Engineering 
lAboraim’lGo,  6  January  1958. 

S-.  “DimcosJlc^al  Syt&om  for  Autonmtioa 
Rsqpsteoment,  ”  Signal  Corp  Sugiaeerlng  Lab- 
ars&oris®,  11  May  1955. 

"D-ar'f/n  Hoquiretaentss  for  Auto-Saav- 
feted  Army  Signal  Electronic  Equipment, ” 
Signal  Corps  BnaSnae-rtng  Laboratories,  Rev., 
iS  November  IS;1, ‘4. 

8.  '’‘Standard  Method  cl  Test  of  Adhooiois 
of  Printed  Wring,"  &P.  484,  March  1956, 
S1A  JEngtneaHng  Dept.,  Now  York  S3,  N.  Y. 

9.  "Dofinitloo  .and  Regieter,  Printed  Wir-  - 
teg,’*  S.P,  538,  August  1953,  SIA  Engineering 
Dept. ,  N STT  York  3d.,  N,  Y. 

10.  Mil, -3TD- 37 5 (Ships) ,  23  February  195^ 
"Printed  Wiring  For  Electronic  Sqidpmewt.’1' 


—  •*  «  **'  >^K..  fi.  ^ 
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Although  solder  la  not  8  component,  It  play* 
rruch  an  lmportsaf  part  to  the  assembly  of 
components  Into  electronic  equipment  thst 
the  several  alloys  iluxee.,  ml  techniques  em¬ 
ployed  In  the  electronic"  industry  era  do- 
scribed  hare  as  general  background  fo?  tfes 
equipment  dewigser.  Employed  properly, 
solder  makes  perrs.'aaent  electrical  connec¬ 
tions  that  an  tessapenaivo,  nonporous,  and 
unaffected  by  environment  The  iw  metals 
joined  by  its  uc-o  act  as  though  they  wore  or»s 
continuous  motaL  'Shea  lisa  wrong  solder,  or 
tbo  wrong  flux,  osr  Use  wrong  techniques  &ra 
employed,  the  best  designed  equipment  will 
exhibit  faulty  ojwratkm  or  will  not  operate. 
A  single  open  Joist  can  do  ho  much  damage 
as  a  faulty  con/^OBcnl  and  is  usually  very 
much  snore  difflcslt  to  locate 

Considering  Sssg  there  are  thoussaode  of 
soldered  joints  in  sny  complex  equipment 
(each  ono  of  which  must  form  a  solid.,  kw- 
reelstance  elecirl.vj  connection,  Impervious 
to  moisture,  vibration,  or  other  environ¬ 
ment''  conditions),  the  skill  with  which  each 
la  made  must  be  very  high  e©  that  at  least 
one  will  not  fee  faulty.  ?»5oat  o!  these  joints 
arc  man  made,  .-sad  the  probabilities  are  just 
as  great  tlrat  a  certain  percentage  will  be 
defective  ar>  11  each  connection  do  made  were 
an  electrical  cotnpcisen!.  Actually  the  chances 
are  even  greater  since  each  component  roust 
go  through  numerous  tests  or  Inspections  be¬ 
fore  It  la  Installed,  whereas  each  soldered 
joint  lu  unique  a*sd  cannot  bo  tested  for  security 
before  insUllsUow 

A  description  of  the  nanrorous  alloys  em¬ 
ployed,  the  several  current  soldering  tech¬ 
niques,  the  fluxes,  some  material  on  tha 
effects  of  enviroasaent  oc  solders  and  sol¬ 


dered  connections,  a-- 1  aoana  notes  oa  printed 
circuit  soldering  wiil  bo  found  in  this  chaptsr. 
A  coneldorabla  quantity  oi  useful  information 
has  fesen  abstracted  front  the  current  govern¬ 
ment  and  industry  specif! cations  and  stand¬ 
ards. 

HOTS.  Only  rosin  fiu-e*  are  rscoaiwsaixtei 

for  elsctronic  equipment  eoaoee&ena. 

SOLDERING  PROCESSES 

The ro  are  two  general  methods  of  osinj 
fualblo  alloy:-)  for  Joining  metals.  In  twittering:, 
the  alloy  in  composed  essentially  oi  load  and 
tin  in  various  proportions  with  contain  other 
racial*  present  .or  controlling  the  character 
c<  the  alloy  known  as  a  soft  solder.  Ofily  the 
eiildor  reaches  the  molten  ststa.  The  actual 
j  rinliig  process  takes  place  at  a  temperature 
below  the  melting  point  of  the  mobile  to  b« 
joined,  000  F  being  about  the  maximum  tem¬ 
perature  actually  used. 

In  brartng,  so-called  hare  . v  silver  solders 
or  bras  lag  alloys  arc  employed;  the  tempera¬ 
ture  required  is  much  higher  than  for  (soft 
soldering,  and  actual  fusion  of  the  metals  to 
be  joined  occurs.  The  higher  temperatures 
required  emphasise  the  fundamental  differ¬ 
ence  between  tho  soft  colder  and  hard  sold#*, 
or  brazing  alloy,  techniques.  The  forms r  cofl- 
sifjto  In  diffusion  of  a  small  amount  of  the 
metals  being  joined  at  temperatures  below  th# 
melting  point,  while  the  latter  represent* 
actual  fusion  sf  the  metals  at  or  near  ths 
melting  point  Soldering  with  silver  solders 
or  braxlng  alloys  rocuite  in  a  joint  of  greater 
strength  than  is  possible  with  low-tempera¬ 
ture  so  ldo  ring. 


AVAILABLE  SOLDERS 
Material  Coffiteal 

Soft  solders  contain  predominantly  tin  and 
lead  in  sozne  predetermined  ratio  chosen  for 
the  solder  composition  and  physical  charac¬ 
teristics  which  result  from  It  Also,  soft 
solders  contain  varying  amounts  of  antimony, 
bismuth,  cadmium,  sine,  or  silver,  which  are 
added  for  varying  the  physical  properties  of 
the  alloy.  The  hard  or-  silver  solders  contain 
a  greater  or  lesser  amount  of  silver  together 
with  varying  quantities  of  copper  and  zinc. 
In  many  adders,  some  of  these  elements, 
especially  antimony,  are  present  only  as  im¬ 
purities. 

Recent  studies  Indicate  that  a  minimum  of 
0,1  percent  bismuth  and  0,1  percent  antimony 
are  desirable  in  tin-load  solders  to  inhibit 
grey  tin  formation  at  low. temperature  ex¬ 
tremes. 

Eutectic  Point.  The  melting  point  of  lead  Is 
620  F,  andTthat  of  tin  450  F,  as  shown  in  Fig. 
5-1.  In  combining  these  metals,  tho  addition 
of  one  lowers  ths  melting  point  of  the  other. 
An  alloy  of  approximately  03 percent  tin  and  37 
percent  le'd  resold;  hi  the  lowest  melting  point. 
This  combination  of  tho  metals  is  called  the 
eutectic  composition.  It  becomes  a  liquid  at 
tli  ■>  sharp  and  distinct  temperature  of  361  V 
aiKi  in  ii)  the  plastic  stats,  between  solid  and 


liquid  form,  over  only  a  very  small  tempera- 
tux's  rsaga, 

Low  Melting  Potest  Stirstic  Alloyo 

Solder  ia  available  is  compositions  which 
will  liquify  at  reduced  temperatures.  Such 
compositions  are  used  when  soldering  deli¬ 
cate  instruments  and  light  gage  wires  which 
might  be  adversely  affected  by  high  tempera¬ 
ture.  Table  6-1  lists  Ife-sae  alloys  and  chow', 
a  breakdown  of  their  alloy  components. 

Tinleso  Solders 


Although  tho  vast  majority  of  electrical 
jolni/j  connected  Oy  solder  ar®  made  with  tin- 
iesd  colder,  othor  eompoaition  alloys  are 
avaiMde.  A  solder  composition  of  27. 5  percent 
lend  and  2.5  percent,  silver  has  been  found 
sultabla  for  general  purpose  use  for  joining 
copper  and  copper  allays,  iron,  stool,  and  tin 
plate.  Another  soldsr  for  a  long  time  in 
the  electrical  industry  for  joining  copper  ie 
97.26  percent  lead,  £.§  percent  silver,  and 
0.26  percent  copper.  A  3- pe scent  silver  alloy 
ia  fairly  standard.  Tfensje  soldar  alloys  poa- 
seaa  highar  melting  temperatures  (about  880 
F)  than  lead-tin  eoWsra,  but  produce  Im¬ 
proved  creep  strength. 

Molting  and  Solldifyieg  Temperatures 

Polder  alloys  do  cot  liquify  immediately  no 
tho  temperature  is  rslsod.  They  first  become 
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f'lj.  5-1.  Meltln#  and  •olldtfylnj  temperatum,  ttn-l«8d  joldor  jilioya. 
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TsMe  5-1 — Lt«,  Melting  Point  Eutectic  Allays 


lifsitlng  poloi 

Composition  (9)  j 

(F) 

(C) 

.  _ 

Tin 

Lead 

Bismuth 

Cadmium 

Others 

117 

47 

10.? 

22J. 

40.9 

9.2 

ie.s 

156 

70 

13.3 

26.? 

50.0 

10.0 

— 

197 

02.5 

_ 

40.2 

51.5 

8.S 

203 

95 

15.5 

32.0 

52.3 

— 

— 

217 

102.5 

26.0 

_ 

54.0 

20.0 

— 

256 

124 

44.5 

65.5 

— 

— 

266 

130 

40.0 

_ 

56.0 

— 

4.0 

Ztec 

281 

138.3 

42.0 

_ 

58.0 

— 

283 

142.2 

51.2 

30.3 

— 

18.2 

201 

144 

— 

_ 

60.0 

40.0 

— 

351 

177 

67.0 

_ 

— 

32.2 

— 

362 

183 

31.9 

38.1 

— 

— 

390 

199 

91.0 

— 

-- 

9.0 

Zlsc 

■430 

221 

98.5 

— 

3.5 

81lTer 

•157 

238 

T9.? 

— 

17.7 

2.5 

1 

1 

477 

247 

— 

87.0 

— 

13.0 

Aulimcny 

plnatlc,  then  fioml  liquid,  and  finally  com¬ 
pletely  liquid.  (Seo  Fig.  5-1  ar=d  Table  5-3-} 
Most  tin-lead  uoldero  enter  the  plastic  state 
at  358  F,  but  becomo  wholly  liquid  at  varlowa 
temperatures  dependent  on  Individual  compo¬ 
sition.  Eutectic  colder  (53  percent  tin  and 
37  percent  lead)  changes  from  solid  to  liquid 
at  a  single  temperature  point  (361  F)  without 
an  Intervening  plastic  state-  Completely  eu¬ 
tectic  solders  are  not  generally  desirable 
because  they  lack  plastic  range,  and  are  sus¬ 
ceptible  to  fracturo  irons  slight  vibratos 
while  cooling. 

Shape 

Solder  is  eva liable  In  numerous  physical 
forms.  It  in  supplied  commercially  as  a  bar, 
stick,  foil,  wire,  strip,  or  powder.  Selection 
of  a  specific  sixe  and  mans  depends  on  fb* 


metal  areas  to  be  joined.  Large  conductors 
may  require  the  bar  or  stick  solder;  Bmali 
eiectronic  cojnpcr.sris  aim  most  frequently 
joined  by  wire  soldar  available  in  a  variety  of 
gages.  Alloy  content  may  be  specified  over  n 
fairly  wide  range  after  oharacterlsticg  such 
»3  molting  point,  te  nails  strength,  and  aheer 
atrtmglfa  have  boon  carotids  red. 

1.  Solid.  Solid  eolder  niay  bo  procured  In 
bars,  Ingots,  dro.n-s,  solid  wire,  oi  other 
forme. 

3.  Flu®  core-  Flus -cored  wire  sold  or  may 
be  procured  in  /tunic1  roua  wire  gages,  alloy 
contents,  and  flux  composition)'  (1) 

3.  Preformed  shnoe#-  Preformed  solids' 
can  ue  t/upplic?- I/Tpclietn,  waeh  era,  rings, 
eoils,  squares,  triangles,  and  other  shapw. 
Tito  use  of  preformed  aoldor  shapes  In  p re¬ 
duction -lino  re  Ida  ring  is  incr  saving.  Pre- 


Table  5-2  —  Melting  itajij*  vs.  Compoettioa 


Notn/'isi  ccrnposltloo 

Uniting  r.xaRB 

(dee  n 

Typical  cc.es 

Tin 

R) 

I-ead 

fl) 

s 

94 

560-803 

Coating  metals  and  differential  tolc'cring 

10 

90 

515-575 

Coating  metal*  and  differentia}  enhlsrins 

15 

85 

435-555 

Cc*ittr.s  and  Joining  octal* 

30 

70 

3<Si -495 

General  uw  solder 

33 

67 

361-485 

General  use  solder 

38 

61 

30 I -465 

General  use  solder 

40 

60 

351  -4  SO 

General  "se  soidsr 

45 

55 

361 -440 

Hermeti.  eeailnj 

50 

50 

361-415 

Spec  Lai  eolderln-g  appilcadaes 

60 

40 

381 -370 

For  km -temper  a  lure  sokVftng 

52 

3S 

351-381 

Eutectic  solder  e*>  (Ue-J  RKittog  point 

TS 

!5  - 

361-390 

Special  solder  lop  appl  Icad-ca 

133 
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forms  minimize  solder  consumption,  permit 
tbe  preassetably  and  soldering  of  several 
joints  at  one  heating,  and  enable  solder  joints 
to  be  made  at  circuit  points  normally  inac¬ 
cessible  to  coiwentloftal  soldering  methods. 

FLUXES 

All  common  metals  are  covered  with  a 
Bonmetallic  film,  usually  an  oxide  of  the  metal, 
that  prevents  them  from  touching  each  other 
Istimatety  enough  to  be  really  joined  in  the 
soldering  process.  The  purpose  of  tin?  numer¬ 
ous  fluxei’  available  is  to  remove  this  oxide 
surface  so  that  the  metals  can  be  wet  by  the 
snolter.  solder.  The  flux  Is  not,  or  should  not, 
be  a  part  of  the  soldered  connection  at  any 
but  merely  nerves  to  produce  a  bare 
metai  to-metal  contact  Poor  soldering  tech- 
alques,  however,  have  often  produced  rosin 
joints  in  which  the  flux  material  was  not 
wholly  removed  In  the  process  so  that  a  high- 
resistance  connection  resulted,  "-hlch  had 
poor  mechanical  strength. 

GOOD  SOLDERING  TECHNIQUE 

Soldered  joints  of  low  electrical  rertlstancc- 
aod  high  mechanical  strength  can  bo  produced 
only  by  the  ttss  of  these  few  steps: 

f.  Utmost  cleanliness 

2.  Good  mechanical  connection  before  sol¬ 
dering 

3.  Use  of  the  proper  Bolder  alloy  for  toe 

«  v 

4.  lira?  of  the  proper  flux  for  the  job 

£-.  Proper  temperature 

&.  Proper  timing 

1.  Good  inspection  and  cleaning 

Ii  Is  worth  noting  at  this  point  that  rosin  la 
the  only  this  that  will  give  long  life  nod  free¬ 
dom  from  corrosion  and  noise.  No  other  flux 
is  ro  corn  mended  for  electronic  assembly. 

SOLDERING  METHODS 

Soldering  a  a  an  art  ami  a  technique  la  very 
old  and  takes  various  forms.  Although  aoroo 
Kdentlfic  effort  has  been  expended  on  alloys, 
the  fluxes,  and  the  methods  of  applying  them 
good  soldering  depends  largely  upon  the  skill 
of  the  operator.  The  first  job  of  the  apprentice 
tn  the  tinsmith  la  to  learn  how  to  wield  the 
massive  irons,  to  apply  solder  to  the  mate¬ 
rials  to  be  jotaed,  ami  to  heat  them  properly 
in  (he  blow  torch.  In  the  electronics  labora¬ 
tory,  the  technician  must  soon  master  (he 
business  oi  making  good  electrical  connec¬ 
tions  with  toe  hand  Iron  or  gvm. 


•'tost  connections  today  ary  sisB  made  by 
haot  either  by  means  of  a  haad-fesk!  gun  a? 
iron  or  by  u so  of  induction  or  resisfxacc  heat¬ 
ing.  A  comparatively  recent  development  is 
the  technique  of  making  many  corawcfdc n£  at¬ 
one  time  by  means  of  dip  eoktoslt^g. 

Haad  Iron  and  Gun 


Soldering  with  an  iron  or  go  a  ifl  preferred 
for  Intricate  and  complex  connections,  Thla 
technique  gives  the  operator  maximum  con¬ 
trol  over  the  finished  joint  in  terms  of  applied 
heat  and  amount  of  solder  permitted  to  floir. 
Individual  attention  can  be  given  to  each  sepa¬ 
rate  connection  without  disturbing  or  interfer¬ 
ing  with  adjacent  point*.  The  application  <& 
heat  may  be  localized  to  s  very  small  area. 
The  hand  Iron  has  a  high-ireeietaoce  hqgtlng 
element  and  a  relatively  massive  Up.  As 
normally  used,  It  reaches  eolderlag  tempera¬ 
ture  slowly  and  holds  its  tempo rahms  constant 
Operated  by  a  trigger  switch,  the  gua  consists 
of  a  atop-down  winding  with  a  secondary  of 
large  cross  section  for  high  current  Its  rela¬ 
tively  low-reslatance  tip  reaches  eolderlng 
temperature  rapidly.  Ths  small  tip  cf  too 
soldering  gun  permits  conccntrattoj  of  ita 
heat  at  the  solder  Joints  eo  ns  to  prevent 
heat  daraago  to  surroumihig  compoaeute. 

Dip  Soldo  ring 


By  this  technique,  iu„  roue  joints  are  pre¬ 
pared  in  advance  ‘  ,  tinning  or  fluxing  or  by 
merely  making  tig.  t  m*  iaalca.1  connections. 
Then  these  Joints  a  v  jip  sd,  all  st  one  op¬ 
eration,  Into  a  bath  or  molten  solder  to  suets 
a  depth  that  all  eo  used ‘one  sro  soldered 
ainsuitnnoously.  (2)  This  method  is  adapted 
to  mass  production  and  the  parts  io  bo  sol¬ 
dered  must  be  designed  end  an -s ambled  for 
this  purpose.  Thus,  (ho  compo-studs  ar® 
mount  'd  on  a  nonconductor  base  and  roads 
mechanically  secure  by  <xi3  mesne  or  an¬ 
other.  See  Fig.  5-1 

Printed  circuit  assemblies  lend  themselves 
to  this  soldering  technique.  Tbs  eutectic  com¬ 
position  of  tin-lead  solder  is  the  most  gee— 
orally  acceptable  for  dipping  tec iuslquee  for 
printed  circuits.  An  addition  c£  foam  1  to  3 
percent  silver  has  been  fried  as  a  rasans  of 
lowering  the  melting  point  of  the  solder  and 
increasing  toe  strength  of  toe  joint  between 
the  copper  on  the  terminal  board  rad  the 
component  lead  wire  a.  While  this  lowers  tha 
melting  point  of  the  mixture  nearly  17  F, 
only  ir.arglnal  improvement  le  achieved  la 
Joint  strength.  Silver-loaded  «jfch*re  have 
been  used  primarily  to  woiderlag  r-iivor  or 


Jig,  5-2.  Dip-soldering  ba&- 

fli  Ivor -plated  printed  circuitry  to  counteract 
the  tendency  of  silver  to  dissolve  in  tin-lead 
cold-era. 

Tha  types  of  fiuxes  that  float  on  the  molten 
colder  are  not  suitable  for  military  equip¬ 
ment  because  of  tholr  highly  conceive  prop¬ 
erties.  Rosin-bayed  flur.es  vpould  quickly  va¬ 
porise  or  carbonize  if  floated  on  molten  sol¬ 
der.  Rosin  Hue  applied  to  the  joints  just 
prior  to  dipping  is  a  preferred  technique. 
More  details  on  dip  soldering  and  printed 
circuit  soldering  appear  later  in  this  chapter. 

Seating 

lu  ihle  fcldering  technique,  two  metals  are 
coated  with  flux,  perhaps  In  a  pattern  of 
come  A" aired  configuration,  and  then  healed 
by  a  large  Iron  cr  blowtorch.  Too  colder  seeks 
tha  fius  on  the  metcle,  even  flowing  upwards 
against  gravity  by  capillary  action  to  follow 
the  flux  pattern. 

Flesi.7tXE.es  Soldering 

In  the  electrical  resistance  method  (pee 
Fig-  5-3)  the  metals  to  be  joined  are  her  ted 


by  current  supplied  by  a  low-voltage  trans¬ 
former.  (2)  The  metals  to  be  soldered  are 
commonly  gripped  between  carbon  electrodes. 
The  heat  is  generated  directly  in  the  metal 
area  to  be  joined.  Reaistanca  soldering  la 
extremely  iaat;  in  roost  caaeo  20  to  30  per¬ 
cent  faster  than  the  electric  soldering  Iron 
method. 

Induction  Soldering 

In  this  method  (see  Fig.  5-4)  hsai  is  gen¬ 
erated  within  l!ie  work,  rather  than  by  the 
application  of  heat  to  the  worh.  The  heat  re¬ 
quired  is  produced  by  exposing  the  parts  to 
be  Joined  to  the  electromagnetic  field  pro¬ 
duced  by  a  high-f.req‘«!ncy  current,  Eddy 
currents  induced  in  the  metals  heat  them 
r.-pldly.  Induction  during  is  particularly 
useful  in  working  with  Urge  or  massive  pieces 
of  metal.  It  to  also  useful  In  heating  small 
Intricate  pieces  of  light  gags  metal  which  might 
oxidize  excesoively  if  boated  by  a  ftono®. 

Details  of  the  several  techniques  or  meth¬ 
ods  are  described  later  In  this  chapter  for 
the  engineer  who  may  have  to  set  up  a  sol¬ 
dering  lino,  or  Instruct  operators  uader  his 
.guidance. 

Solder- Joint  Formaitoe 

By  the  accepted  theory  cf  solder-joint  for- 
mailon,  after  the  wotting  process  a  chtmlcsl 
alloying  action  occur*  between  the  colder  and 
the  msUl  surfaces  being  soldered.  (3)  Whea 
soldering  copper  or  braes,  the  alloy  formed 
varies  from  0.003  to  0.005  Inch  In  thlciinese, 
and  to  stronger  than  pure  colder.  Two  paral¬ 
lel  ourfscee  separated  0. 003  lo  0.010  inch 
which  are  soldered  *ra  actually  connected  by 
too  solder  bane  alloy.  However,  vben  the 
spacing  between  tbs  surfaces  cocceetl*  tire 
alloy  thickness,  the  alloy  layers  are  sepa¬ 
rated  by  a  layer  ot  relatively  pwe  solder 
which  reduces  joint  strength.  In  additka  to 
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the  alloying  action,  a  pari  of  tha  strength  of  a 
solder  joint  is  often  attributed  to  interiactoi 
ccvntact  generally  analogous  to  tb@  forces 
which  will  hold  gage  blocks  together. 

The  base  met  si  surfaces  cm  a  printed  dip- 
soldered  joint  are  prependicular  to  each  otlrsr 
rather  thin  parallel.  Therefor®,  according  to 
the  theories,  the  dlp-rok!e red  photo-etched 
joint  coustots  largely  of  pore  eoider,  and  its 
strength  la  tto  strength  csf  the  so  Id  or. 

SOLDERING  TO  SPECIAL  SURFACES 

Silver  Coated.  A  stiver- bearing  solder  is 
roVoTruuenek-3  lor  soldering  to  silvered  sur¬ 
faces.  If  a  conventional  tin-lead  solder  ia 
used  on  a  silver -fired  cer'niic  or  other 
silvered  surface,  too  solder  dissolves  the 
silver  from  the  surface  and  no  bond  Is 
formed,  cr  at  best,  the  bond  Is  weak.  Silver 
will  dissolve  in  molten  solder  until  the  silver 
content  is  approximately  6  percent 

Aluminum.  Aluminum  soldering  presents  a 
substantial  pre-Mem  because  the  lead  forms  a 
galvanic  couple  with  f.'.inilnura,  in  the  pres¬ 
ence  of  moisture,  which  Is  harmful  to  the 
stability  and  life  of  tha  joint.  Also,  aluminum 
oiule,  widen  forme  a  film  on  the  surface  of 


almntrr.v3i,  can  never  be  completely  retaoved 
Vigorous  wtre-bruehing  or  some  fona  o g 
abraniva  cleaning  Is  required  prior  to  solder¬ 
ing  to  get  a  satisfactory  joint;  and  its  csride 
re-formc  Immediately  upon  erpoturs  to  sir. 
Most  aluminum  solders  confcila  tfca  aa&  sloe, 
and/or  cadmium,  and  are  used  with  special 
fluxes.  Combinations  mtsh  as  70  percent  tur 
and  30  percent  zinc  or  60  percent  tin  and  . 
40  percent  sine  are  cosamooly  used.  Tbcr 
melting  point  of  these  alloys  to  much  higher" 
than  that  of  the  tin-lead  alloys,  and  heating  • 
by  torch  to  necessary. 

Giasa-lo-MetaL  Indium  with  tin,  lead,  or 
silver,  forms  alloys  of  relatively  loss’  melting 
points  GfWch  will  wei  glass  and  which  are 
suitable  alloys  for  enldering  metal  to  glass. 
An  alloy  consisting  of  50  percent  tin  nrw  50 
percent  tedium ,  with  a  ms  King  polot  al  241  F, 
is  useful  for  this  type  of  eolderisg- 

Stainivoa  Steel  Success  In  soldering  atoin- 
Icas  aic-cl  requires  thorough  removal  of  all 
surface  dirt,  rust,  or  organic  material.  Pol¬ 
ished  surfaces  muni  be  rcmgheised  with  as 
abraairo  wheel  or  cloth,  and  the  resides  wiped 
away  with  a  clean  cloth.  Wherever  pcsaible,  - 
fho  areas  to  be  soldo  red  ehculd  1*5  protinned, 
eopccialiy  those  which  require  a  ooacorrosiv* 
flux  in  tto,  final  operation.  Tin-lesd  ooldsrs  - 
can  b®  used  successfully  for  soldering  stain¬ 
less  a  teal  by  using  any  of  the  custom  ttry  riK' th- 
ods.  Wfcca  using  a  soldering  iron,  3  large  tip  . 
should  be  used  because  of  the  low  thermal  - 
conductivity  of  stainless  steal.  The  tip  should  • 
bring  too  base  metal  trp  to  tom.perata.re,  snd 
tha  eokbr  (toould  be  melted  agaSairt  toe  tip 
and  permitted  to  flow  into  the  jobit.  The  iron 
should  be  moved  across  ton  joint  at  a  rate  that 
will  permit  too  Bolder  to  flow  fre-eiy  into  It 
Overheating  of  the  soldered  members  should 
be  avoided  since  embrittlement  of  tha  stoln- 
less  steel  may  occur  l.  fhe  temperature  of 
the  Joint  exceeds  TOO  F.  Thin  grtgv?  metals 
should  bs  clamped  together  before  soldering 
to  provent  buckling  or  movement  of  the  parta. 

Stronger  fluxes  are  required  for  soldering 
stainless  t-'teel  than  for  more  common  metals. 
One  suitable  flux  Is  saturated  sine  chloride  , 
solution  made  by  placing  pieces  of  line  l.i 
hydrochloric  acid  tmiil  toe  hobbling  aciioa 
stops.  The  rctiidix?  from  tots  or  any  other, 
flux  (excluding  rosin)  should  ba  removed  Im¬ 
mediately  following  toe  eoUierlrsg  operation- 
to  prevent  staining:  arri  further  corrosive 
action.  The  joint  should  be  washed  with  water 
contftbnrg  soap,  ammonia,  washing  soda  (so-, 
dlura  carbonate},  or  other  deterge  nt. 
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MSekai  Them*  are  iio  s-jsaeM  sold^ifs  £os* 
afoteel  surfaces,  FstJefaetesy  results  s^quirs 
SO&&  ftatag  and  eoMarmg  craftsmansMp, 

©sivaniaod  Isos,  la  stoldsriag  galvanised 
iron,-  s  „  aHoy*  is  used  whlda  contains  less 
than  0.5-percoat  satiskoay.  Antimony-free 
.  lesd-lte  solders  srs  jsrelerred  The  si  ax  Is  a 
saistea  of  ammosliSEs  sMgeMe  arid  zijrn  ctsSo- 


SMag.  A  cadmluja-slEfi  alloy  is  oatisfaetory 
for  Jolaing  Kinc-fcaso  rnstsis.  Flwxing  is  tsn- 
mcess&ry,  &af  th@  sarlsees  should  be  fees  <cA 
foreign  saatter.  Better  iEtermetaUie  oslsaica 
betwesa  the  metals  is  achieved  by  first  do- 
jpositissg  a  coating  of  nickel  on  the  contact  sur¬ 
faces  by  an  electrolytic  plating  me' bod. 

ABBimES  AMD  MP15MTZES 

Antimosiy.  Solders  comjsounded  to  any  mo- 
grse- oTrenselted  scrap  metals  generally 
poamm  some  antimony.  2n  any  iia-lexa-anti- 
mony  solder,  the  ratio  of  antimony  to  tin 
easuiot  be  gr.  'c;  than  0.0 75 3  to  1.  Vihea&la 
ratio  la  excer  f '  i,  clusters  o!  tin-antimony 
compound  cry  •irse  during-  the  cooling  in¬ 
terval  and  cause  brittleness  In  the  finished 
Joint.  The  maximum  amount  of  antimony  which 
earn  bo  held  in  solid  solution  by  tin  is  7.6 
percent  In  a  solder  alloy  containing  50 
percent  tin,  tha  mexlmisai  amount  of  antimony 
which  can  be  tolerated  ia  3.0  porcent  The  ues 
cf  aui.liiiont.al  eoldero  has  many  disadvantages. 
They  cannc  i  be  used  on  zinc  or  brass  because 
of  the;  formation  of  antimony  compounds  which 
produce  brittleness.  Hie  ability  of  ouch  sol¬ 
ders  tc  wet  unUnned  Btsrfaceo  is  substantially 
less  than  that  of  antimony-free  solders. 

2!tne,  Aluminum,  and  Cadmium.  Zinc  airi 
cadmium  "oriTnever  added  purposely  to  tin- 
lead  solders  for  any  application,  with  tha 
exception  of  aluminum  and  zinc  soldering. 
As  iittlo  as  0.001  percent  of  either  of  these 
mot  may  cause  grittlncss  or  poor  odder 
flow. 

Copper.  No  apprecini/o  trouble  results frora 
copper  contents  up  to  1  percent  of  alloy  total. 
Higher  quantities  rbove  tide  value  may  «iuk? 
gritty  solder  joints. 

Bismuth  and  Arsenic,  ftnall  nmounta  cf 
bisniuttTand  arsenic  can  bo  tolerated,  and 
seem  to  cause  no  bad  effects  on  solder  Joints. 

,  Silver.  Silver  normally  Id  not  present  '-a 
solder  except  for  special  purposes.  It  is  not 
•  harmful  in  small  amounts. 


geueM  methods  ©idef  for  sssMcg  eonns©- 
tions  ©n  small  oleeteaaSie  ©omposssuto  wifiiosS 
the  nee  of  colds?  or  the  need  for  kmt  applf- 
eatioa,  U  must  be  remerofeersd  wiaS  s  gos5 
meeiaaaical  Joint  3hoald  pmluco  g«od  metal- 
to-Eir;taS  contact  with  the  surfaces  free  frosa 
film  or  oxidation.  Hl^i  prsssiire  featweea  tb© 
conductors  is  necessary  to  provide  gastight 
sreao  capable  eS  withstanding  wsathsr  anil 
corrosion.  Tiie  area  oi  contact  rauat  bo 
greater  than  the  cross-eeciional  area  of  the 
conductor  Involved  to  avoid  resMaacc  an® 
heating. 

Pressure  Otmactefloa 

lbs  pressure  connection,  shown  to  Slg.  5-3, 
is  made  by  wrapping  several  taras  of  wir® 
around  a  tonninal  lug.  A  commes'cM  yrc-duc- 
fion-Mne  device  used  in  making  this  multiple 
twist  is  a  hand-held  gun  Shat  has  a  rotatii^ 
spindle  pow,.  -3d  by  compressed  air  or  aa 
electric  motor,  notation  of  tko  episdl®  causes 
the  wire  to  wrap  around  the  terminal  to  a 
tight  helix,  stacking  a  firm  saeM-to-moM 
Joint.  Contact  presssme  in  tho  finished  assem¬ 
bly  ifl  15,000  pel  minimum  for  tho  ILfo  o-  ths 
cosmection;  and  with  a  perfect  wrap,  24  cea- 
tact  areas  sro  produced  wlian  us  tog  a  rocteu- 
gular  forminal  wrapped  v/ith  six  full  tornsj. 

Crisnpod  Cfoanoctioi . 

In  Sailo  type  of  connection,  tlio  tormlaol  lug 
has  c  cylindrical  alcove  which  in  slipped  over 
tho  bar®  wire  ae  rhown  to  fig.  5-6.  Tito 
olaevo  is  then  subjected  to  crimping  by  a  tool 
to  mako  »  escuro  conncctioji  imlwoen  tha 
terminal  and  tho  wire.  Tho  acted  crimping 
tokos  different  forms  in  various  commercial 
terminals;  in  some  a  sin  -do  irdontation  is 
used  while  in  others  the  entire  periphery  of 
tlie  slecva  is  compressed  i?s  ehov/n  ia  Fig. 
5-7.  tt  should  ba  noted  that  when  wire  lo  re¬ 
leased  from  comprassion  la  thee©  motiiodj?, 
it  expands  slightly. 
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Fig.  6-5.  WSre-vrap  preneimi  oomseciion. 
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Fig.  SMS.  Crtii'sK-i?  eoSSasiet m  icge. 


As  Is  tins©  of  eoldsrlng,  these  several 
methods  for  mechanically  making  electrical 
connections  cannot  take  the  place  o£  screws, 
rivets,  welding,  or  other  maihcds  of  making 
&  secure  fastening.  In  particular,  thesn  rastb- 
ods  must  ba  looked  at  with  great  cal’*  from 
the  standpoint  of  their  vulnerability  to  vibra¬ 
tion. 

SPECIFICATIONS 

GoveramlM 

QQ-S~i371b,  Dated  SO  Sentembor  1047.  Ibis 
fipe  cUTca  trorTccmt  is  oofFoold  e  rftln .  Ha-load, 
arid  lsad-ollver)  in  the  applicable  physical 
forma  and  shapes  required  by  governmental 
procuroment  agencioa.  (See  Table  £-3.)  epsci- 
ficatlon  requirements  relate  to  re?  material 
content,  chemical  composition,  and  associated 
solidua-Iiquldufl  temperatures.  Recommended 
applications  of  the  colder  alloys  covered  by 
thio  specification  are: 

1.  Composition  3n”0  is  a  epecial-patposo 
solder  U30d  svhoro  hlgJj  tin  content  to  re¬ 
quired.  It  is  intended  for  soldering  Kino  end 
tor  coating  metals. 

2.  Composition  Sn&O  corresponds  closely 
enough  to  the  tin-load  eutectic  to  have  s.  short 
molting  range.  Thoreforo,  It  Is  preferred  for 
soldering  electrical  connections  where  tem¬ 
perature  limitations  are  important  and  for 
coating  motels. 

3-  Composition  Sn50  Is  the  customary  "half 
and  half”  colder  used  in  bit  soldering  and 
sweated  Jotnto  In  plain,  tinned,  or  galvanised 
iron  or  stool,  copper,  assd  coppor  alloys.  It  is 
also  used  with  soldered  fittings  in  copper 
water  tubing. 


<L  GompsniHoa  Sto4©  caa  bo  uesd  for  tha 
mm3  purposs  as  coaspooition  0n50,  althmigh 
fi  to  not  as  rvorStehl®  in  bit  soldering  ox; 
creating.  CoTspocitton  Sn40  io  frequently  ussj 
fe-r  dip  soldering  and  as  a  wiping  colder, 

2>.  ComposiStaj  8nS3  So  the  common  Tipli^g 
©y  plumber's  solder.  Ra  higher  antimony  eon-, 
fesi  promoter)  fins  grain  siae  to  too  wiped 
esMaro  aafl  to  ooldares  of  greater  strength 
Sfea  toss®  without  antimony. 

®.  Compcaitioa  SnSS  is  employed  as  an 
sstaBcbile-boify  solder  for  filling  donts  ”"{3 
sesiss, 

%  Cosnposlfi0a  8a20  is  widely  used  as  sa 
Esftossobile-feody  solder  tor  fill*  •  '  mis  aed 
STfiama  and  tor  general  pur-posae  '■  .*ro  a  high 
Sfeo-esmtont  alloy  ia  not  required,  such  se  for 
gsssiosiiva  onaiiisge  on  steal  ebsoi. 

Q,  CtaopoolKon  Ag2,§  Is  not  satisfactory  on 
L2&C&  cncoatefl  stool  ^hoet  using  any  of  the 
tsxsrmi  aol&rtog  tochulquoa  This  colder 
so-sysiros  higher  temperatures  and  the  uso  of 
a  Ess  with  a  sice  chloride  base  to  produce  a 
gsed  joint  on  ssniteod  surfaces.  A  rosin  flux 
is  raaotiofaeiory  for  soldo r to 3  untinned  cop-  . 
par,  brnoa  or  steal  with  tola  composition. 
This  solder  is  miseeptMa  to  corrosion  to 
fessald  cnrircanffisnSa 

si  ftompoaltton  Ag6.  5  v/Ul  dovolop  a  ebsar-  • 
Ssg  strength  of  1600  pal  at  350  F.  Tbs  ts?n- 
F-oretoro  of  application  should  not  exceed 
650  P  when  soldortog  hard-drawn  brass  or  . 
eoppor.  Composition  Ag&.  B  to  ucoa  onthsrmo- 
tossplos  tor  aircraft  engines  where  relatively 
fc-igh  ojw rating  temperatures  do  »o4  offset  the 
ctros^ih  of  the  colder,  to  other  rocpccto,  the 
precautions  acted  tor  composition  A.g2,6  arc 
also  EppUcabto, 

$8-  Composition  Sou  fa  uced  tor  electrical 
cssar^ctlons  (subjected  to  peak  temperatures 
of  stars!  400  P  anti  for  sweating  coppor  tubs 
Jtetoia  in  refr.lg0rs.tioo, 

SStsnpoaitiocs  £hS5,  £n30,  Sn20,  and  Sb3 
shfisdd  not  be  nssd  for  soldering  sine  or  cad- 
ntiaa,  or  any  metals  coated  with  thorn,  be- 
esaso  the  stoc  and  cadmium  form  totormo-  . 
faille  ecmpyondfl  with  tiro  antimony  In  tbs 
so&ic t.  The*®  ccuupounda  havo  high  molting 
petefs,  and  thus)  htodor  Use  flow  of  soldur  anti  • 
roster  tho  Jolnlg  briiiia. 

fteays  gecerslly  c-.t-cd  with  too  so  colder# 
ans  r.c'd  or  rooln.  AcW  nuscad  aro  nioro 
active  to  removing  cud. :  :#  from  the  bs&o  maial,  ' 


Fig.  S-7.  Typlcti  operatlosforfonnlns  crimped 
connactlona. 
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Txi£«  5-3 — Soirltr  Co<ap<i*ffio»s  frota  yodsfal  HweSfissCea  QQ-«-3Tlb,  JO  Bsgteadssr  l£4V 


Ccapo.-tti**' 

ca 


AsUiaooy  Stiver  Copper  Ires 
(max)  (max)  (mis)  {box) 


(59.5-71.5  J 

59.5- 61.5 

49.5- 51.5  | 

39.5- 41.5 
34JS-3S-5 

29.5- 31.5 

19.5- 21.5 


r-  -xloder  0.50 

r<-  intbr  0.S0 

remainder  0.50 

rejaxfawier  0.50 

r*»xi»der  1 .0-2.6 

remainder  1.4-1. 1 

rawmisdor  0.81J 

resrxtoder  0.40 

remainder  0.40 

0.2  4.0-4.C 


—  o.oe  0.03 


Els-  Alum-  I  Total  all 

mutfc  ,  .  Ikoes  other* 

(mas)  (max)  (max) 


0.005  0.005 

0.005  0.005 

0.005  0.005 

0.006  0.005 

o.oes  0.005 
0.G0S  0.C05 

0.003  0.005 

0.005  0.005 

0.003  0.005 

0.03  0.03 


ilypraduiet* 
raelttaf  range 

(&e  f)t 


Uquldea 

-378 

272 

420 

480 

490-500 

600-510 

52E-D45 

685 

£39  ] 


•  Specified  percoufage  it  tor  loldei  melal  only,  to  flux -ecred  wire  eelis?„  Use  weight  oi  liw  flux  af.-ill  be  rafctoactvd  freer 
Hie  total  weight  to  obtxlo  the  xrtlght  of  the  solder  metal. 

t  For  Informatics  only. 

I  Tin-lead  solder*  (prefixed  by  Ss)  snsy  be  furelolwd  as  fluv-eorad  wire  well  as  plain  wire  and  ether  torn*.  71*  -.-eight 
of  the  flux  In  ro*ln -flux -cured  wire  eball  oot  exceed  4  fsrerat  of  th®  total  weight.  The  weight  of  the  flux  In  chic  :■  lle-Tr  -cored 
wire  shall  not  recced  6  percent  of  the  to-tel  weight. 

I  When  tin-lead  soldrrn  (prefixed  by  Sn)  are  furnished  an  dux- covc.l  oiro.  She  sn  teisav  Q  perralestUa  tlx  c-oatcsf  rhe.ll  be  0.9 
percent  lees  than  the  ratnlmsm  values  rf. -rifled  la  the  tibia. 


but  the  flux  residues  ere  corrosive  Jmd  miifjJ 
bo  removed  after  eoldorlng.  H  it  Is  not  prac¬ 
tical  to  remove  tha  Hu,,  roalduoe  (for  exaropla, 
from  electrical  and  radio  parte),  then  rosin 
fluxes  whose  residues  are  not  corrooive  roust 
bo  used,  Tho  part*  should  ba  cloansd  of  any 
heavy  oxide  films  before  assembly  to  com- 
penoalQ  for  tl»o  milder  action  of  rosin  fluxes. 

QQ-S-561d,  Dated  Ti  September  1951.  This 
speclilcaUon  ck'scrlfes  the  pEyoTcaTIorm*  in 
whir*'  sliver  solder  may  be  supplied.  Neces¬ 
sary  vforfcm&nahip  quail  ties  resulting  from 
Ho  use  are  cited.  The  chemical  consHtuonts 
of  olghi  classes  of  silver  solder  are  shown 
In  Table  5-4.  Their  spproicdmite  melting 
points,  flow  points,  and  color3  are  shown  in 
Table  5-9.  The  applications  o t  each  class  of 
3ilver  solder  are: 

1.  Class  0  aolder  is  intended  for  ordinary 
brazing  purpose*  wbsns  a  colder  of  higher 
physical  properties  la  required  than  those 
provided  by  braztng  (epeltor)  solders,  and 
where  the  service  or  appearance  dose  no4 
require  a  high-silver  solder. 

2.  Claes  1  solder  Is  hlgh-grado  solder  in¬ 
tended  for  general  sliver  soldering  require- 
monts. 

3.  Claes  3  colder  has  a  very  high  silver 
content  and  should  be  ucod  only  where  the 
application  re-quires  high  strength,  resistance 
to  corrosion,  aod  good  appear&ncri. 


4,  daea  3  eoldar  ie  intended  only  for 
biasing  copper  stud  copper-baso  alloys,  and 
is  not  intended  for  use  on  ferrous  alloys. 

6.  Cleasefl  4  nod  6  are  gecoral-purpoe# 
alloys  for  Joining  copper,  braes,  ferrous 
nwtalij,  aod  particularly  nickel -copper  alloys 
mid  alloy  el  eels. 

0.  Onas  6  solder  lo  Intended  tor  those 
appi Sea  ticca  whore  the  characteristics  oi 
Classes  4  and  0  are  required,  but  where  tho 
design  necessitates  ths  addition  of  a  fillet  or 
whore  close  tolerances  cannot  ba  mAintain-r  d 
and  tho  fillet  la  necoseary.  Class  5  is  also 
intended  for  bal'd  materials  ouch  as  cemented 
carbides  for  tools. 

7.  Class  6A  has  physical  properlltw  simi¬ 
lar  to  those  of  Class  4.  When  Clasr-  4  Is  net 
aval  la  bis,  use  Class  CA.  By  following  good 
practice,  Joints  with  tensllo  strengths  in  ex¬ 
cess  of  70,000  psi  may  be  produced  In  earbem 
ctocL  Although  the  thermal  properties  oi 
CLnosen  -3  and  0.A  are  similar,  some  modifi¬ 
cation  c-f  technique  may  be  necessary  because 
erf  the  broader  melting  range  of  Class  0A. 

5.  Thin  narrow  strips  of  Claeses  1,  2,  4, 
5,  ami  8  aoidsr  should  bo  used  for  very  light 
work,  each  ajs  soldering  part*  of  delicate 
instruEKEeis. 

Military 

iUIL-S-SmA,  Dated  15  December  19H. 
This  specification,  approved  and  used  by  tfi* 
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liiile  5-4 — Stiver  Solder  Constituents  Iron  Federal  Specification 
27  September  1951 


Cls c* 

Silver, 

range 

ft) 

Copper, 

range 

m 

Zinc, 

rang* 

m 

rtosphorua, 

range 

ft) 

Cadmium, 

range 

w 

Nickel, 

rang® 

m 

Total  other  | 
elemen**,  s 

ft  max)  J 

0 

It. 0-3 1.0 

44.0-48.0 

3S.O-37.0 

_ 

0.13  j 

2 

44.0-40.0 

29.0-S1.0 

2S.0-27.0 

— 

— 

0.15 

3 

<34.0-66.0 

19.0-21.0 

13.0-17.0 

— r 

0.15  '1 

3 

14.5-15.5 

79.0-31.0 

— 

4.7S-5AS 

— 

-- 

4 

49.0-51.0 

14.5-16.5 

14.3-18.5 

— 

17.0-19.0 

0.13 

S 

40.0-51.0 

14.5-16.5 

IS. 5-17.5 

— 

15.0-17.0 

2.S-J.6 

(U5  ! 

8 

48.0-51.0 

14. 5-16.5 

23,0-27.0 

9.0-11.0 

— 

0.1S  j 

&a 

49JM1.0 

17.0-19.0 

20.0-2A0 

— 

fi.o-n.o 

_ 

0.15 

Departments  of  E>e  Army,  Navy,  and  Air 
Force,  ia  ttsa  gaceral  specification  for  the 
soldering  process,  H  covers  general  require¬ 
ments  for  making  soldered  joints  by  using 
3  ler  metal  with  tlovr  temperatures  below 
426  C  (000  l?%  E8efsrer.ee  is  made  to  Specifi¬ 
cation  QQ-6-571b  (Solder;  Soft)  for  Bolder 
alloy  conformance  requirements.  Important 
aspect*  of  this  specification  aa  of  16  Decem¬ 
ber  1964  are  sbstiracte-d  as  follows; 

1.  Preparation  cf  surfaces.  The  surfaces  a£ 
the  pa rtoTo  IJa’jcbuiiTTihalllx!  cleaned  before 
the  tinning  or  soldering  operation.  Oxide®, 
ocale,  and  dirt  aiiall  bo  removed  by  mechani¬ 
cal  means,  n’-ch  as  scraping  or  cutting  v/ith 
an  abraaiva,  or  by  chemical  means.  Grnass 
shall  bo  removed  by  a  suitable  solvent,  such 
as  trlchlorelbyleae.  fiacopt  when  Insulated 
wire  or  cable  to  pveeent,  an  acid  dip  may  be 
need  to  remuva  sca*»  or  oxidos,  but  a  neutral¬ 
izing  treatment  la  required  to  prevent  subse¬ 
quent  eorroclve  settee. 

2.  Cleaning.  Only  mechanical  cleaning  shall 
be  used  Tor"  cleaning  surfaces  to  ba  ooldcrcd 
for  electrical  wire  connections.  Other  clean¬ 
ing  methods  rrMch  will  not  leave  a  corrosive 
residue  may  fco  used  after  satisfactory  com¬ 
pletion  of  humidity  taste. 


T»Me  5-5 — tArttirsg  awl  Flow  Poiat# 
ct  Silver  Solder 


Meltinf 

now 

point 

Color 

tf 

cr 

Y~ 

0 

14  JO 

775 

5  SCO 

815 

Yellow 

I 

1250 

GT5 

1S70 

745 

Nearly  white 

2 

12S0 

£85 

J  3X5 

720 

White 

3 

1200 

S50 

1300 

705 

Gray -white 

4 

1100 

027 

1175 

635 

Yollow-wtilta 

5 

1195 

&45 

1170 

832 

Yellow -whit* 

0 

IlCfl 

630 

3150 

611 

Yellow-wMte 

6A 

1160 

627 

1105 

040 

Yeliow-whlto 

3.  Flux.  After  the  joints  have  been  properly 
cleaned  and  fitted,  a  thin  even  coating  of  lliu; 
ahall  be  placed  over  the  surfaces  to  be  joined 
T5>e  flax  shall  be  capable  of  preventing  oxida¬ 
tion  of  the  surface;:  while  the  parts  are  being 
heated  to  soldering  temperatures.  The  use  od 
cored  wiro  solder  Is  acceptable. 

Flux  ithall  be  applied  only  to  the  surfaces 
to  be  Joined.  Splashing  or  dripping  onto  other 
am-faees  shall  be  avoided.  Corrosive  flux 
shall  not  come  into  contact  rrtth  any  textile 
materials,  particularly  those  containing  cot¬ 
ton.  Active  fluxing  agents  shall  not.  be  used  to 
clean  soldering  coppers  when  neutral  flume 
are  employed  in  making  the  joints. 

4.  Heating.  The  areas  to  bo  joined  shall  'ba 
heated  to  or  above  the  flow  temperature  of 
the  Bolder.  Kent  may  ba  applied  by  s;  Ida  ring 
eoppor,  torch,  molten-alloy  bath,  electrical 
resistance,  or  other  suitable  means.  The  ap¬ 
plication  of  heat  shall  be  carefully  controlled 
during  the  soldering  operation  to  prevent 
damage  to  components  of  ins  assembly,  such 
os  fabric,  ‘  aula  ting  material,  and  asaombliag. 

5.  individual  tinning  of  parts.  Wh<?E  tho  use 
cJ  corrosive  TIux  is  necessary,  it  shall  ba 
standard  practice  to  flux  and  tin  with  eel- lev 
those  portions  of  tho  surfaces  to  be  joined 
prior  to  assembling,  remove  flux  residua®, 
se  cording  to  ochedule  (pea  Horn  13  below), 
assemble  the  component  parts,  and  uua  a  neu¬ 
tral  flux  in  making  the  soldered  joint  This 
procedure  in  mandatory  when  the  character 
<sf  the  materials  la  such  that  an  active  flux 
muri  be  used  to  obtain  a  satisfactory  joint, 
yet  the  actlo-n  of  the  flux  residues  or  re¬ 
moval  will  ba  detrimental  to  the  part®  of  tbs 
assembly. 

6.  Wires  soldered  to  terminals.  Wires  to 
ba  ookiered  into  a  tormlnal  or  receptacle 
ahocUd  bo  tinned,  then  sweated  into  the  ternxl- 
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Hal  or  receptacle  without  adding  more  colder 
than  in  necessary  to  till  the  space  arcand  the 
wire.  Parte  pretinned  by  the  manufacturer 
P.eoS  act  bo  ret!  rated  before  aoldario®. 

7.  Tlnaiag.  Tinning  oe  a  wire  should!  iss:- 
Hand  only  far  enough  onto  the  wire  to  tatc 
full  advantage  of  the  depth  of  the  terminal  or 
receptacle.  Tinning  or  colder  on  wires  out¬ 
side  the  .'receptacle  where  flexing  may  occur 
will  cause  at'iffneea  ca  the  wires  and  recall 
in  breakage. 

0.  &agaca  heating.  Solder  should  cot  be 
melted  wflFTKi  soldering  copper  and  allowed 
fo  floti/  on  a  surface  which  Is  not  thoroughly 
laeated. 

®.  Tenapernturcfi.  Sxeeaslva  temperatures 
rftoulsFba  jriolHeS  or  the  flips  will  tend  to  car- 
Sxmize  and  Muder  the  soldering  operation. 

1(1.  Cooling,  .liquids  roust  not  fee  urod  to 
cool  a  ooSJered  joint.  With  the  proper  polder 
and  soldering  technique,  n  Joint  shoukl  not 
become  ita  hot  thnt  It  needs  rapid  cooling  to 
/prevent  Ste  wire  insulation  from  charring. 

it.  Fin «  mrl/fuec.  After  the  Joint  has  eeolesl, 
ths  roBfn.ii;>)  'rom  active  fluxes  ehall  be  com¬ 
pletely  removed  or  neutralised.  Removal  of 
neutral  £iu .  'residues  will  nel  be  mscesssry, 
except  o:a  surtacee  of  electrical  contacts  and 
ox  other  tjarfacos  whore  t.io  fins  might  Inter¬ 
fere  with  ihn  operation  or  assembly  of  the 

compfiiHint. 

12.  fflcgc  removal  schedule.*  The  removal 
tEcted'iiu  includes  a 3  many  of  tho  following 
oporntlcsns  :im  are  nccosoary  to  px’evont  cor¬ 
rosive  uctian  by  the  residues  from  active 
flioctn: 

a.  Remove  oils  or  greases  commonly  used 
tin  fftete-type  fluxes  with  a  suitable  solvent^ 
puch  sli  naphtha  or  trlchiorothyten©. 

b.  Dip  in  dilute  acid  solution  with  agf  tatic-.a. 
(Dibit®  hydrochloric  acid,  sulfuric  acid,  or 
sodium  bit*,ulf»Se  solution  are  necessary.)  i~:-B 
Addition  of  an  acld-actlve  wotting  agent  will 
areola  rate  the  action. 

c.  VVro/b  thoroughly  In  flowing  water. 

<i  Dip  in  dilute  alkaline  solution  of  a  type 
and  cone  Miration  suitable  for  use  with  the 
specific  material -l  involved,  and  agitato. 

in.  Wash  thoroughly  In  flowing  water. 

23.  Production!  parte.  Production  parts  shall 
bn  cleaned,,  “liuxcdT  soldered,  and  residue  i  i~- 


cTtils  ireiaOTsl  schodul*  is  no*  applicable  to 
in any  oloeinutlc  aeaembUea.  Use  of  corrosive  flu. we 
should  be  !>  to  teed. 


moved  in  accordance  with  ths  approved  sol¬ 
dering  process  and  flux  resldus  removing 
schedule. 

©onsraerRM 


Designation  B  32-49.  A8TM.  Thlo  specifica¬ 
tion  covers  Thirty  grades  of  tin-lead,  tin-lead- 
antimony,  and  silver-lead  solder  alloys  in 
commercial  forms  of  soft  solder.  The  re¬ 
quired  quality,  chemical  composition,  and 
permissible  variation  in  chemical  composition 
of  these  alloys  are  given.  Table  6-8  uhowia 
the  alloy  content  of  these  solders.? 

Standard  for  Solder,  8AF..  The  Society  ol 
AutomotTve~Englneers  standard  for  solder 
defines  twelve  grades  In  term  a  of  alloy  com¬ 
position  and  liquldus-aoUdus  temporal urea. 
The  ASTM  counterparts  for  six  of  the  SAE 
alloys  are  given  in  the  extreme  right-hand 
column  of  Table  5-7. 

FLUX  TYPES 

Although  rosin-base  fluxes  as*®  the  only 
fluxes  known  whooe  residue®  are  completely 
noncorroslve  And  electrically  nonconductivs 
and  are  the  only  case  that  are  universally 
acceptable  for  us®  in  military  equipment,  the 
following  material,  mostly  from  J.  Robert 
Mllllron  of  Wright  Air  Development  Center,  le 
Included  as  general  background  information., 

8older  fluxes  may  bo  divided  into  throa 
general  groups:  } i)  rosin,  (2)  organic,  and 
(3)  ehlorlrfo  or  acid,  Tho  last  two  are  not 
generally  used  In  making  electronic  circuit 
connections  because  of  their  corrosiveness. 
Rosin  fluxes  aro  snoot  highly  favored.  Under 
some  conditions  the  chloride  typer,  may  ba 
employed  In  electronic  equipment. 

Rosin.  As  used  an-d  defined  in  military 
specifications,  these  fluxes  use  a  commercial 
grade  WW  rosin  which,  in  Us  natural  otsto,  Is 
a  polymerized  anhydride,  a  typo  of  closed 
molecular  structure  where  the  rosin  mole¬ 
cules  are  locked  together  In  an  Inert  form. 
The  unique  and  enviable  position  that  tho 
rosln-type  fluxes  unjoy  wan  achieved  through 
a  long  period  of  test  and  from  much  expsri- 
onco.  One  of  its  ctr" w- tacks  1#  its  slow  action 
end  its  Inability  to  promote  wetting  of  the 
surfaces  of  moderately  oxidised  metals. 


f  Recent  studios  indicate  that  a  minimum  of 
0.1  percent  bismuth  rnd  0.1  percent  antimony  In 
tin-lead  solders  will  Inhibit  gray  tin  formation  1b 
extremely  low  temporxturee. 
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Table  8-3 — Solder  Coapoeltlon,®  Beslpsattca  S  S2-49,  ASl'M 


Lead 

(cCKEtaal  %} 


Aatsiacay 


Mia  ??’  Has  |  Bte  1  P8". 
aired  t aired 


1.S  *.0 


1.3 

1.3 

0.0 

3.0 

*  For  sletDeata  other  ihas  tocse  eomyUo;Vk!  In  the  tabla,  t3»s  Ruiiiimum  cochin!  In  tbs  all  era 
Is  as  fallows  ^percent): 

Biwnuil?. . . . . . . fl.jfj 

_  jAUoy  grftcloa  TOA  tv  253  inel . . . . . C.Ofl 

^tASIoy  smdog  2.8S  rod  1.8S . . . 0.3 

Iro® . . -...., . . . . o.cm 

Alsimlaura . |  &  |jo.(  o  m 

Analysis  rnual  b-S  made  regularly  only  for  tin)  rSwneniii  BpecKtadSy  mentioned  In  too  tjsgvlis 
o.ad  footnote.  H,  howver,  the  presence  ol  cibcr  elements  Is  atispsctsd,  or  indicated  in  to 
course  ef  matins  malyela,  further  motivate  shill  bs  aside  to  ctelaiuilne  tbU  ta»  fcoto.1  of 
iheso  other  elements  1*  not  In  excess  of  0.08  psrcaat. 
f  Chemical  requirements  coalarm  substantially. 


Rot; in  must  be  a  solid  to  bo  noncorroslva. 
When  melted  by  boating,  it  la  very  active. 
Ibis  activity  ponflsts  as  long  as  heat  is  ap¬ 
plied,  but  stops  when  the  rosin  Is  again  cold. 
A  comparable  situation  exists  when  rosin  Is 
dissolved  in  any  liquid.  Depending  on  Us 
dielectric  eoosiant,  the  no lvc at  exerts  m 


tflfect  oki  the  dissolved  rosin  whJhdl  emwsi 
corroatom  sa  long  as  rosin  5js  1b  tbs  dis¬ 
solved  tilsiU'.  However,  when  this  sol rent  is 
volatilised  by  tbo  normal  b«.t  as  noAsterin®, 
or  by  ritibacquent  evaporation,  ttio  dry  ttolild 
roaldme  la  uancorrosJivo  a/ad  elocfcricnlly  ;.*£»»- 
ccuHSuctlrra, 


'  >•  s  A.  **  «*•*- 

■  trw  *  a*  A***  ***^ 


* 


“Stile  8-7-  - -Corn post boas  tssd  Tetnperntcre*,  SAE  EiaodsrS  for  iky-fiero 


&A 

IB 

2ft 

2® 

SA 

SB 

4& 

m 

BA 

5B 

GA 

83 


m 

Lead 

Antimony 

CM 

Temperatures 

Solidus 

Lhyi 

Bios 

r 

C 

C 

45.0,  -1,0 

Ifeszaatedar 

0.4  m&s 

sei 

183 

■m 

212 

43.0,  *0.5 

Remainder 

1.5-2.00 

361 

183 

4CS 

203 

40.0,  -1.0 

Remainder 

0.4  max 

361 

18$ 

4m 

238 

38.0,  +0.5 

Remainder 

1.5-2.00 

SOI 

133 

4513 

232 

30.0,  -1.0 

Remainder 

0.4  mss 

381 

18S 

«M 

SB7 

28.0,  +Q.5 

Remainder 

1.5-2.00 

sai 

183 

4 S* 

251 

25.0B -i.O 

Rsinaictier 

0.4  maa 

531 

183 

511 

25® 

25.0,  -1.0 

Remainder 

1.25-1.75 

S61 

18S 

5 KS 

281 

20.0,  -1.0 

Remainder 

0.4  mar 

S61 

183 

333 

374 

20.0,  -1.0 

Remainder 

1.25-1.75 

361 

185 

£19 

3  T 

16.0,  -1.0 

Remainder 

0.4  max 

361 

IBS 

MS 

204 

10.0,  -1.0 

Remainder 

_ 

Ab  specified' 

361 

18$ 

533-541 

378-285 

°  hJasuausn,  2.78  f| 

Actte(|sf3  ivoila  ttwsm.  Expansion  of  lb* 
electrc«Jca^H5Sry  produced  a  demand  for 
faster  raid  sscon?  gfflciont  g-oldering  tecii- 
ulquus? ,  T-b  csmwJ  xba  requironmts  several  £u- 
roptMJi  »jSJiafecfo?r.srfi  atMted  acidic  maieviato 
to  <>«*  7,v>b1u  sad  coW  &®  mixtures  as  rosia 
fluxes,  'fossa  ftew  w  vary  corrosive  and 
fosiunately  «<er®  w#  widely  used  ia  tfee  U.8.A. 
During  194#  am3  .tf/ft©  several  activated  resin 
flvixoa  wer©  Mrad&eed  and  were  used  to  sane 
extent  to  this  Ttooe  modified  roeins 

varied  from  aSAw  of  rosin  mid  acidic  ma¬ 
terials  to  ajtecfa?%  gs-epared  resins  or  rosin 
to  which  other  m sfcwlsle  wore  stktod  to  im¬ 
prove  Ife*  •mSidsacf-  Tho  first  actiir.tod 
floras  vontsSmi  ffiiamomosa  chloride,  stac 
chloride,  ssbUIss  sydrocMoride,  or  rapti- 
gisl.aaii.tte  pfesGapbflto,  the  activators  cur- 
rsnily  being  ifitaptoyed  ar®  usually  halogenated 
os'gsnie  cOstAjwaida  tool  t£By  or  rosy  not  b® 
soluble  in  ihi  rwrke  Tb#ss  activators  inetu&s 
the  following:  aaUtotj  hydrochloride,  uaph- 
thabsae  tojtdrwfeSorfc?-*?,  carbon  tetrachloride, 
cetyl  pyyistetem  tororafelTi,  v&snotbyl  cetyl  am- 
ttMiaium  b:n<m&te,.  nihyl  diethyl  cetyl  arc- 
anon  Sum  tmwBftto,  assd  so  on.  Competition 
among'  tiwt  ilxvf.  wmiidwbirosB  resulted  la  the 
predaeti am  a l  /wMiatmf,  roeln  thwcoa,  which 
t;mg<a  fraa  pare  wic  to  those  of  acid-type 


Activated  re* s&s  «av«  t>3  deftexS  as  a  homo- 
-gsx&fftra  resist  gwpA'Ottd  by  tho  incorporation 
of.  a  soctwid  tKritefcaics,  which  may  not  have 
fluxing  properttoa,  a.  ales  hse  sa  activity 
greater  Sian  ?h*4  of  either  pore  stogie  con¬ 
stituent  a t  tha  asawi  soacootratloa.  Tbo  theory 
of  itTS  setioa  to  of/S/tovwt'alnl;  but  too  best  ex- 
plaostiefl  to  tia*$  ffiws  activating  agent,  at  the 


ies 


heat  of  (Kjktorbsgi  changes  the  anhydride 
structure  with  coaverslcfl  msd  release  of  the 
free  roeia  or  reducing  groups  with  a  ht&fc 
love!  of  activity.  As  activated  rosin  must  pos¬ 
sess  the  followiaf?  proportlee:  (1)  it  muss.t  be 
phy  '■ally  and  chemically  homogeneous,  aisd 
(2)  i.  must  ba  sa  Eoecorsoaive  tasd  electri¬ 
cally  Eoncoodiicttve  an  the  resin  from  which 
it  was  mads,  Sail  must  jsoseess  a  higher 
activity. 

No  easy  way  has  been  found  to  toil  wfwfcar 
toaae  fluxes  n,m  eorrociv.s  or  not.  A  vast 
number  of  tho  *ctlv»tod  flusss  as's  proprie¬ 
tary  and  tiiere  la  ssech  jeoiu;.  l  ance  oa  the  part 
of  tha  mnnufactaj-era  to  di»cloo3  their  con- 
tente.  MIL-S-6873  requires  the  uoo  of  eo m- 
morclal  W\V  rarla  ia  denatured  alcohol.  AH 
Oliver  flures  am  considered  as  active  until 
dojnowitrated  by  feel  that  (ha  flux  is  neutral. 

Organic  Fluraac  Thoso  cojudat  of  rolld  ot- 
ganic  acids  BJEdTsusee,  and  gome  of  their  ds- 
rivatives.  Th aso  Sfer*»s  are  almost  »s  active 
as  tho  inorganic  *sita,  but  thsir  period  of 
activity  i»  brief  because  of  leeser  stability 
and  their  susccpChltlty  to  thermal  decompo¬ 
sition..  They  deecsupose  rapidly  uador  Ui* 
boat  of  eoldertog.  This  alloys  &  nmang  to 
limit  or  control  eorroeicn  olnoe  tho  corrocive 
propertloB  of  ti»e  relativoly  inert  ilua  residua 
are  very  differed  from  there  of  the  o  rig  bad 
undecompoaed  firm.  Thoms  rosidisee  are  not 
hygrOECopic.  They  become  dry  nod  w.'thcrod 
and  are  relatively  easy  to  remove  by  flaking, 
tumbling,  or  wissteg  with  e  damp  cloth.  Tire 
s pood  snxl  quality  c#  soldering  with  organic 
fluxes  compare  favorably  with  those  of  chlo¬ 
ride  film,  Tt»y  are  very  eifsetire  *md  where 


nominal  amount*  of  corrosion  may  be  per¬ 
mitted  or  where  the  assembly  lends  itself 
to  residue  removal;  they  may  be  esed  satis¬ 
fy  tor  ily. 

Chloride  or  Aeid  Fluxes,  These  am*  cola- 
tlone  of  one  or  more  inorganic  wits,  gener¬ 
ally  the  chloride  and  occasionally  tie  phos¬ 
phate  of  sine,  calcium,  aluminum,  magne¬ 
sium,  or  tin.  The  commercial  de station  c£ 
"acid”  when  applied  to  those  fluxes  in  a  mis¬ 
nomer  since  the  fluxes  are  actually  salts. 

The  chloride-type  fluxes  are  ttv,  most  ac¬ 
tive  and  are  effective  on  all  conuaosa  metals 
oxcept  alum  lav.  >  and  magnesium.  Of  all 
fluxes,  these  are  the  most  cor.rc.iiw,  and 
the  corrosion  seems  to  be  caused  by  galvanic 
or  electrolytic  action.  The  hygroscopic  char¬ 
acter  of  the  flux  residue  is  possibly  sore  im¬ 
portant  than  corrosion.  Although  hard  and  dry 
immediate  /  after  soldering,  tbs  fuged  resi¬ 
due  gradually  absorbs  water  from  tha  air 
which  finally  dissolve*  and  dilutes  LL  11118 
causes  the  residue  to  spread  over  a  wide  area 
of  the  soldered  unit 

The  hygroscopic  character  of  &:■  chloride 
type  flux  is  useful  In  the  removal,  of  the  resi¬ 
due  after  soldering.  When  the  wetdeo  is 
softened  by  absorption  of  water,  the  aoldered 
unit  ic  treated  with  hot  water  or  *team  to 
disoolve  and  wa«b  away  the  reeltfa*. 

Where  their  iwo  is  not  actually  prohibited, 
acid  or  chloride  fluxes  must  be  used  rdth  ex¬ 
treme  cars  In  electronic  equipment.  When 
using  corrosive  fluxes,  tiw  hot  GoisSsring  iroa 
has  a  tendency  to  spatter  the  flux  oalo  cur- 
rounding  arose,  which  is  another  reason  why 
they  are  not  recommended. 

No  matter  what  flux  1 6  employed.  Its  pur¬ 
pose  Is  not  to  clean  the  surfaces  bat  to  re¬ 
move  oxide.  Flux  cannot  n  „co  good  clean¬ 
ing  methods  to  produce  bright  metal  ourfacoe 
with  which  to  stait  she  actual  soldering 
operation. 

PHYSICAL  AND  CHEMICAL 
CHARACTERISTICS  OF  SOLDER 

Ten  a  He  Strength,  The  tensile  strength  of  s 
colder  alloy  ~ is  the  greatest  longitudinal 
stress  It  can  withstand  without  pulling  apart 
or  nipturing.  This  metor  depends  upon  many 
variables,  primarily  temperature,  toe  rate 
at  which  toe  toad  is  applied,  toe  physical 
configuration  of  the  eoldcr  specimen;  and  the 
nature  of  its  alloy.  As  shown  in  Fig.  5-8, 
tensile  strength  rises  with  Ur,  content  at>- 
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Fig.  5-&  Variotioo  la  tensile  strength  witfc 
tin  eociacb 

proximately  to  tbs  0-0-  to  70-percent  tin  alloy 
composition  where  it  measures  nearly  8003 
psi.  Tha  primary  purpose  of  soldoring  is 
not  to  secure  strength  In  a  connection,  but  to 
form  a  permanent  electrical  joint  with  opti¬ 
mum  onviroumsntal  sharactarietic*. 

Shear  Strength-  Tbo  shear  strength  of  a 
BoTdeFlinoyTs  the  greatest  traaoveroo  e trees 
it  can  v/lthetand  without  rending  or  rupturing. 
This  property  is  subject  to  the  earns  govern¬ 
ing  facto r:3  which  control  its  tenailo  strength. 
Sh-ossr  strength,  U&e  tonsils  strength.  Is  high¬ 
est  with  solder  alloys  composed  of  60  to  70 
percent  tin,  The  eh  oar  strength  curve  resem- 
blon  tho  tensile  strength  curve,  but  all  value* 
are  moderately  reduced. 

Hardnees.  The  hardnoss  of  a  solder  alloy 
can  be  determined  in  several  ways.  However, 
if  significant  useful  data  arc  to  bo  obtained, 
ihs  Importance  of  standardising  methods  and 
environmental  test  conditions  should  bo  em¬ 
phasized.  Tha  curve  in  Fig,  5-S  nupplia* 
hardness  data  obtained  by  the  Brine  11  test 
with  L/D1-  6,  time  of  loading  30  seconds  si 
20  C  on  a  chill-cast  specimen  about  1/4S  inch 
thick,  cast  from  50  C  above  Jiquldus  into 
mold  at  about  100  C. 

A*  tho  characteristic  carva  indicates, 
hardness  vxlnos  oi  toe  tin-lead  alloys  &p- 


proacb  maximum  with  60  to  90  percent  tin. 
When  the  nature  of  the  metals  to  fc£  joined 
permits  its  use,  antimony  in  small  quantity 
will  increase  the  hardness  of  tin- lead  alloy. 

Thermal  Conductivity.  Dissipatioa  of  heat 
is  an  important  property  of  a  selected  solder 
composition  since  it  has  a  direct  bearing  on 
electrical  conductivity.  The  electrical  resist¬ 
ance  of  a  solder  joint  is  inversely  propor¬ 
tional  to  the  thermal  conductivity.  In  applying 
solder  to  a  joint,  optimum  thermal  conduc¬ 
tivity  can  be  obtained  by  controlling  the 
amount  of  solder  deposited.  The  compromise 
point  between  physical  strength  and  tisermal 
conductivity  of  the  joint  r  -curs  at  about  0.004 
inch  in  thickness.  Solder  deposits  which  ex¬ 
ceed  this  dimension  in  conventional  radio 
chassis  wiring  add  Httl©  to  the  overall  physi¬ 
cal  strength  and  electrical  conductivity,  and 
detract  tangibly  from  the  thermal  dlacipatioa 
capabilities  in  proportion  to  the  excess.  Tha 
thermal  conductivity  of  solder  is  dependent 
to  a  large  degree  upon  the  amount  of  tin  con¬ 
tained  in  the  alloy.  The  curve  of  Pig.  5-10 
shows  thermal  conductivity  of  solder  as  a 
function  of  tin  content. 

Corrosion-  All  soldering  fluxes,  except 
rosin  and  certain  homogeneous  reaino,  are 
corrosive  and  their  residues  are  electrically 
conductive.  The  extent  of  corrosive  actios  ifl 
determined  by  the  final  chemical  equilibrium. 
At  chemical  equilibrium,  the  total  amount  of 
corrosion  is  comparable  for  all  fluxes  having 
equal  volumes  of  corroding  residue  regard¬ 
less  of  the  rate  at  which  they  proceed  to  eqol- 
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jr*«c  5-9.  Variation  In  hardnvoi  with  tin  cc®S*uL 
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tin  content 


librium,  A  corrosive  flux  reeidue  should  fea 
removed,  not  neutralized.  Because  the  use  of 
such  fluxes  Is  unacceptable  lor  wiring  com¬ 
ponents  into  electronic  equipment,  he  reader 
should  got  specific  information  on  their  us» 
when  they  cannot  be  avoided. 

Electrolysis.  Whan  two  dissimilar  metals 
are  in  contact  in  the  presence  of  an  electro¬ 
lyte,  galvanic  or  electrochemical  corroslos 
occuro.  Essentially,  a  galvanic  couple  is 
formed  which  Is  short-circuited  ob  iieeK 
through  the  electrolyte;  the  electrolyte  may 
bs  moisture  of  any  hied.  The  metal  a!  higher 
potential  will  become  an  anode,  tend  to  go 
Into  solution  and  corrode.  With  specific  re¬ 
gard  to  iicider,  in  time  this  can  create 
creased  electrical  conductivity  and  weakened 
physical  condition. 

Creep.  Creep  may  be  do  so  the  ti.Ess- 
dependent  deformation  widen  companies  the 
application  of  s  stress  or  combination  oS 
stresses  to  a  solid.  The  stresses  Include 
tension,  compression,  torsion,  and  flexure. 
This  undesirable  quality  of  metala  causes 
them  io  u  mi  or  go  a  couiinuoua  deformation 
witii  time,  tho  actual  deformation  being  sub- 
ject  to  variations  (themselves  subject  to  their 
own  variation  duo  to  the  nature  of  tho  specific 
metal)  which  occur  generally  b.  the  i'ollowreg 
sequence; 

1.  An  initial  extension  or  elongation. 

2.  A  stage  of  creep  at  a  decelerating  rate, 

3.  A  stage  of  creep  at  an  spp  read  mat  ely 
constant  rate. 

4.  A  stage  of  creep  at  an  accelerating  rate 
leading  to  fracture. 
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Figure  C--11  ffliatrate®  the  observed  ef¬ 
fects,  stud  utovs  the  influence  on  the  creep  of 
69.®  percent  pure  lead  caused  fey  additions  erf 
0.1  percent  by  weight  of  va  ileus  elements. 

APmCATKM  HOTEE  ' 

&  periorsaiug  soldering  operations  cor¬ 
rectly,  it  is  essential  to  select  the  pro,. 
solder  and  r.clderieg  iron.  Soldering  irons 
should  be  selected  according  to  the  physics! 
site  of  the  work  to  be  soldered,  the  tempera¬ 
ture  characteristics  of  the  solder  used,  and 
the  rate  of  use  oa  production.  In  general,  ths 
soldering  iron  should  be  as  large  as  condi¬ 
tions  cl  work  will  permit  Soldering  irons 
should  always  bs  sufficiently  largo  to  rapidly 
heal  the  joint  to  the  temperature  required  to 
melt  solder.  This  prevents  the  surrounding 
materials  from  becoming  overheated  and 
damaged  fey  a  prolonged  heating  «?  tee  sol¬ 
dered  joint  Solder  meeting  the  requirements 
cif  QQ  S- 57  Its,  compositions  Sn60,  fin  50,  and 
Sb5,  should  be  used  on  Air  Force  Electronic 
Equipments. 

All  worts  to  be  eolderod  should  bo  clean  assd 
free  from  excessive  oxides  or  foreign  mate¬ 
rials.  Thto  will  permit  the  flu*  to  remove  any 
small  amount  of  oxide  present  and  the  solder 
to  flow  freely.  Neutral  fluxes*,  according  to 
Specification  MQ^-S-3372,  should  be  unod 
when  oolderlsg  electrical  cooroctioas  ia  elec¬ 
tronic  oquipesntda. 

Electrical  coarecilons  ehould  be  mechani¬ 
cally  secure  bsio,  ’  feu  Bolstering  eparstioe 
le  performed.  To  avoid  cold  joints,  the  work 
should  bo  rigid  and  choulci  not  be  moved  until 
the  solder  has  cooled. 

In  performing  seller  operations,  tea  beat 
should  bo  applied  to  the  surface  to  bs  aol- 
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Fig.  5. 11.  Creep  curves  of  lead  alloys  with  G.S 
percent  add-jd  element  Stroas,  SSO  pat 


derefl.  Apply  sufficient  heat  to  mete  the  sen¬ 
der,  then  apply  enough  solder  to  neatly  cover 
the  cossnectioii.  Avoid  using  excessive  solder 
since  this  increases  cost,  and  sometimes  re¬ 
sults  ia  short  circuiting  adjacent  tonnirola. 
SoMss-  should  never  bo  melted  m  the  ta» 
and  Sewed  to  the  terminals  or  wire*,  'shir 
will  result  is  an  Imperfect  ccnEactiuo. 

Solder  Irea  Tip  Materials 

For  opitsacsB  efficiency  8  soldering  Sroa  tip 
should  possess  characteristics  erf  high  ther¬ 
mal  conductivity,  low  acaiicg  at  elevated 
temperatures,  eace  of  tinning,  resistance  to 
tin  amalgamation,  and  hardness.  Copper  or 
cogsper  alloys  are  most  frequently  used. 

Copper  soldering  iron  tips  have  high  heat 
conductioQ  and  good  tinning  properties  which 
mako  Sham  suitable  for  most  intermittent  sol¬ 
dering  application*.  The  disadvantages  of  us¬ 
ing  plats  copper  lie  tahorertly  in  it®  scaling 
and  rapid  tip  wear.  The  melted  tin  in  the  sol¬ 
der  alloys  with  tea  copper  at  soldering  tem¬ 
perature  aad  carries  away  the  tip  material* 
Frequent  scale  removal,  cleaning,  and  ttoaing 
are  Bscesfl.ary  to  maintain  the  original  tip 
shape  and  to  obtain  proper  boat  transfer  from 
too  heater  element  to  the  working  surface  oa 
the  tin,  as  well  ao  from  the  tip  to  the  Joint  A 
wall  tinned  Up  provides  a  completely  metallic 
path  to  giv#  low  resistance  for  heat  flow  to 
the  jalii.  A  Up  covered  with  gcale,  ca  the 
other  band,  has  about  100  tlHOce  the  resist¬ 
ance  to  teat  flow. 

Copper  alloys  provide  bettor  performance 
than  plain  copper.  The  superiority  is  evktesf 
in  reduced  scaling,  increased  hardness,  and  8 
longer  permiaslble  interval  betvtoeu  Up 
drosatoga.  Operation  tamps  raiures  for  copper 
alloys  cbould  not  exceed  725  F  to  prevent  da- 
atroylfig  tfca  low  seal  tog  and  hsminosg  proper- 
tea.  Some  irons  commercially  available  are 
provided  wiih  thermal  switches  to  limit  the 
temperature  rise  during  idle  time  of  coatis- 
uo us  duty  irons.  The  switches  are  usually 
located  to  teat  portion  of  the  reel  stand  having 
intimate  contact  with  the  tip. 

Tip  Shape.  The)  shape  and  Rise  of  3  30 lAar- 
tng  iron  tip  required  for  a  specific  job  de¬ 
pends  o*5  the  conditions  that  exist  to  the  Joints 
to  bo  soldered,  such  as  lug  also,  the  number 
of  sdreo  to  the  Joint,  the  diameter  of  ihs 
wh’Cfi,  the  required  soldo r  speed,  and  the  sol¬ 
der  Joint  clearance  restrictions.  A  large  tip 
aurfaco  area  is  necessary  for  fast  and  ade¬ 
quate  heat  transfer.  Tho  preferred  tip  for  Jug 
and  wire  soldering  Is  ihe  chive  1  typo.  The 


193 


most  common  coatrlbcftory  causes  cd  rosin 
Joint  defects  are  the  eae  c!  improper  tip 
stapes  and  the  wrong  positioning  of  solder 
and  tips  on  joints  being  soldered.  The  work¬ 
ing  surfaces  of  the  colder  tips  should  be  kept 
clean  and  well  tinned.  Dry  tips  scale  rapidly 
and  will  slow  down  heat  transfer  to  the  solder 
joints.  To  acquire  proper  fluxing  of  the  solder 
joints,  rosin  core  solders  should  be  applied  to 
the  hot  metals  in  the  joint  Melting  the  solder 
oa  the  tip  and  carrying  it  to  the  joint  destroys 
the  flux  and  results  ia  defective  connections. 
Iron-plated  or  clad  tips  are  recommended  for 
continuous  soldering  operations  where  differ¬ 
ences  solder  tip  lengths  cannot  be  toler¬ 
ated.  .er  solder  applied  to  coat  the  solder¬ 
ing  iron  tip  greatly  increases  its  life.  Subse¬ 
quent  soft  soldering  will  be  performed  at 
temperatures  below  the  Editing  point  of  the 
silver  solder. 

Heat  Requlrementa.  High-speed  soldering 
requires  a  maximum  adder  joint  tempera- 
hire  of  300  Fj  which  i»  slightly  below  the 
melting  temperature  of  cadmium  plating  and 
does  not  destroy  the  solder  flux  activity.  The 
minimum  temperature  of  a  solder  joint 
should  be  100  to  150  F  above  the  melting 
temperature  of  the  solder  alloy.  The  average 
maximum  joint  tempendere  Is  approximately 
650  F.  Recommended  &js«r£ge  solder  tip  tem¬ 
peratures  are  7C0  to  7S0  F  for  fast  and  con¬ 
tinuous  soldering  operatkasa. 

Prolonged  idle  soWcring  temperatures 
above  750  F  will  cause  excessive  scaling  in 
tha  Iron  core,  tip  freezing,  short  element 
life,  carbonisation  of  rests  fluxes,  and  prob¬ 
lems  in  hooping  tips  tsnwd. 

Usa  of  the  Soldering  Iron 

Proper  nsr>  of  a  soldertag  Iron,  with  ade¬ 
quate  attention  to  aim  pie  fetalis  and  required 
conditions,  will  produce  good  solder  joints 
consistently.  The  followtag  require manta  are 
to  to  observed:  (6) 

1.  The  soldering  Ircm  s&ould  to  u 9M  at  Its 
ruled  voltaga, 

2.  Prope;-  warm-up  tisoe,  depending  on 
Iron  slse,  must  bo  cbocrwxi 

3.  The  soldering  Iron  should  haya  a  tinned 
tip  carrying  a  bright  smooth  layer  oi  solder 
on  the  Up  surface  for  most  effective  heat 
transfer  to  the  joint.  If  the  tip  does  not  tin 
with  colder  and  flux,  cool  the  iron  and  file 
tha  Up  to  remove  surface  corrosion.  Im¬ 
mediately  after  cleaning,  the  iron  should  to 


fluxed,  heated,  and  timed  with  solder.  Sb- 
creased  tip  Ufa  with  excellent  heat  ir&aafer 
Id  possible  by  cleaning  the  tip  and  tinning  with 
a  good  grade  of  silver  solder.  A  solder  pot  is 
moat  effective  for  this  purpose.  The  higher 
melting  point  of  this  alloy  assures  that  tJ» 
solder  deposited  cm  tha  tip  will  not  be  mcltad 
off  during  subsequent  soldering  operation#  st 
the  reduced  temperature®  utilised  ia  soft 
cold®  ring'. 

All  elements  of  the  joint  to  be  soldered 
must  be  clean.  Clean  metal-to-metal  contact 
is  necessary  witho'1*-  an  interwsaiag  layer  of 
dirt,  oxide  film,  or  foreign  matter. 

6.  The  parts  to  bo  soldered  must  be  held 
together  firmly. 

6.  Apply  flux  to  the  joint  to  cleanse  the 
metallic  surfaces  down  to  the  bare  metal  and 
to  exclude  air  during  tbs  soldering  operation. 
Select  the  proper  flux  for  the  application. 
Rosin-type  fluxes” are  mild  and  leave  harm¬ 
less  residues.  Acid-type  fluxse  are  strong®:? 
and  leave  corrosive  residues  which  also  con¬ 
duct  electric  current  and  must  be  wasted  off 
to  preserve  the  electrical  and  physical  stabil¬ 
ity  oi  tho  joint  Certain  materials  such  && 
aluminum  Bud  stainless  steel  r equips  special 
fluxing  techniques. 

7.  Heat  too  Joint  with  the  hot  tip  of  the  Iron 
and  apply  Bolder  to  too  junction  of  toe  tip  a  to 
joint  as  shown  In  Fig.  5-13.  An  soon  as  the 
eolderlng  temperature  is  reached  (aoldsr  weto 
tho  joint  surfaces  and  flovp  smoothly),  re¬ 
move  tho  iron  from  too  joint.  Avoid  exces¬ 
sive  use  of  solder.  The  joint  must  not  be 
J  nr  rod  or  subjected  to  vibration  white  too 
molten  soldor  Is  cooling  and  solidifying.  Such 
motion  can  cauco  s  cold  solder  joint  which  Is 
physically  characterised  by  a  dull  gritty  ap¬ 
pearance,  poor  Joint  strength,  aivd  low  elec¬ 
trical  conductivity,  (toe  Figs.  6-13,  5-14,  ond 
£5—16.) 

8.  Where  posnible,  pretinxiln*  of  indi vidua! 
part*  is  recommended  to  obtain  quictor  sol¬ 
doring  and  more  reliable  solder  jo  into. 

8.  Tha  eoldarln#  iron  must  bo  properly 
maintained  during  u»9.  A  clean  cloth  or  wip¬ 
ing  pad  used  at  interval®  will  remove  excess' 
solder  and  slag  which  speed  erosion  of  the 
tip.  When  not  In  actual  coldoricg  use,  a  eol- 
doring  iron  should  ba  rested  cm  a  shod  which 
lias  adequate  heat  dteslpaiing  area.  This  stand 
provides  s  controlling  factor  over  tbs  idle 
temperature  oi  the  Iron,  end  helps  to  avoid 
the  ill  effects  on  the  iron  caused  by  over¬ 
heating. 
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Kig.  6-18.  Application  oi  *old»r  end  ire© 
to  lugs. 

Inspect!  oa 


A  properly  made  solder  Joint  sms  a  smooth 
r-opearance  with  a  satin -like  luster.  A  vrh’o 
which  la  soldered  as  part  oi  s«ch  a  joist  will 
bo  rigid  in  tho  Immediate  vicinity  oi  the  joint. 
Wiggling  tha  wire  by  hand  or  with  email 
pliers  will  reveal  whether  or  sol  this  rigidity 
13  present.  Visual  Inspects..  oi  the  joint  will 
reveal  If  tho  joint  has  the  required  physical 
Eppearaxice.  Departure  from  the  desired  con¬ 
dition  oa  any  one  of  theae  points  may  indiesfe 
that  a  “cold  joint”  has  boon  created.  Tsiio 
may  mean  that  sill  tlvc  3urfaco  areas  oi  the 
colder  Joint  were  not  brought  up  to  the  tem¬ 
pers  tore  required  for  solvent  action  to  talcs 
place.  Frequently  tills  type  of  defective  jolxd 
results  from  accidental  relative  movement  cf 
the  components  being  soldered  during  tha 
colder  cooling  Interval,  that  Is,  while  tha  sol¬ 
der  Is  changing  from  a  liquid  to  a  col  Id  stats. 
Correction  x^epa tree  unsoldering  nod  difcjis- 
eeiubllng  the  Joint,  cleaning  all  surfaces 


vhteh  are  to  Hums  Om  Joint,  tod  raeolderiraj, 
ol .  swing  good  crcftamasahip  la  all  phases  o£ 
the  operation.  Only  careful  supervision  will 
make  certain  that  these  steps  are  carried  out 
V-'*  average  operator  will  merely  reapply  tit# 
1*  -I  in  the  hope  that  Joint  will  be  secured. 
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¥\f.  5- IS.  AecepfcsJ»l»  solder  joists. 
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EFFECTS  OF  ENVIRONMENT  ON  SOLDER 


l'Tg.  5-14.  Unacrcpiabl*  colder  Joint*: 
(A)  Krefi»!re  *ulfler,  (ff)  l'toeln  jolni- 


Tfca  following  environmental  data  are  is— 
eluded  to  provide  tbe  design  ongteeer  with  an 
evsbastioa  o 1  the  metallurgical  eii&racteri*- 
tica  oi  solder  alloys,  and  the  behavior  o# 
these  metals  under  atmospheric  conditions 
and  stresses. 

Tie  is  isformatior,  specifically  concerns  sxstt 
Dokfem  as  covered  by  Federal  Specification 
QQS-Sllh.  This  group  of  Holder  alloys  has 
tha  widest  application  in  the  assembly  csf 
electronic  equipment  and  components.  Effects 
of  teaaperahiro,  aging,  moisture,  vibrj-tkf.% 
and  fasigua  attack  ar*  considered,  The  follow¬ 
ing  sedders  representative  of  tills  group  wars 
evatosteri  (4) 

70Sn-30Fa  20Sn-80S% 

50Sn-50Pt>  2,ttAg-0?.5Pts 

?5Sn-3SPb  635-8  53a 


Effect  o<i  Temperature  on  Tensile  C  :  ongih 


Tfca  effects  of  aging  solder  Joint?  at  various 
temperatures  for  periods  of  six  inoriiio  or 
more  are  given  in  Table  5-8.  Aging  soldo? 
joists  at  reduced  temperatures  hio  t!ss  g Ac¬ 
cra!  effect  oi  Increasing  the  joint  ieasile 
etresgth,  the  ip, create  in  strength  being  great¬ 
est  la  the  high  tin-lead  solders.  A  smell  bat 
tangible  increase  occurred  in  the  I'Jsd-oUvoj 
.solders  because  lead  remains  ductile  u  low 
temperatures.  Solder  joints  loss  etroegta  pro¬ 
gressively  with  increase  in  temperature.  M 
312  F,  most  solders  Soso  about  50  percent  oi 
their  strength,  while  at  300  F  only  shoe!  on#- 
tbird  fits  roorn-temperaturs  strength  rstaatn*, 
Frees  the  above  figures  th-s  most  suitable 
solder  lor  the  temperatures  ecocide  red  t»  th« 
703te-3QFb  solder.  It  shows  superior  strength 
at  high,  low,  3'K.i  intermedlato  tempers turcs, 
tad  is  the  easiest  solder  of  itse  group  to  *rw. 

Effect  of  Aging  on  the  Strength  of  Boldor-S 


Fcwr  solders  wsre  subjected  to  alx-mcwfh 
aging  periods  at  tl»  (static  temperature  lore Lo 
of  -65  C  (-85  F),  25  C  (77  F),  75  C  (167  F), 
and  120  C  (240  F).  Following  this  aginj 
period*  half  the  specimens  were  permitted  to 
return  to  room  temperature.  When  aged  and 
tested  a,  -65  C  (-C  '0,  all  eoldera  ehou-ed  as 
Lucre»@c  In  joint  strength  (see  Table  5-8)  ex¬ 
cept  tbe  .10Sn-S0Ft)  specimen.  After  aging  si 
the  raio-ccd  temperature,  all  Polders  were 
wester  r.i  room  temperature  except  th* 
SO  Ss-SOKx  Aging  at  75  C  (167  F)  westerns  aU 
ecldars  tested,  Aiicr  aging  at  79  C  (167  ¥) 


1W 


mzzmzz 

(C) 

Ftj.  5-15.  Bxsmpltf*  of  *  good  joint  (A)  tad  bad  joint#  (B  and  Q. 


and  then  returning  to  room  temperature, 
60Sn-60S>  aati  05Sa-5Sb  were  stronger,  while 
the  70Sn-SOFb  and  2CSn-80Pb  solders  were 
weaker.  At  120  C  (248  F)  aging  had  so  Influ¬ 
ence  except  no  tha  S5Sn-5Pb  solder  wincii 
was  weakened.  After  aging  at  iha  high  tem¬ 
perature,  each  sokiax  was  stronger  than  be¬ 
fore  aging.  From  this  investigation  it  appears 
tliat  the  66Ss-K-0P''  sokter  is  tes  least  af¬ 
fected  by  thermal  variattea. 

Effects  of  Tggrearaturg  Cycling  oa 
Tcnaile  Streagtb 

To  determine  the  effects  caused  by  com¬ 
bined  thormai  shock  »nd  posaibia  corroelosa, 
four  solders  were  cycled  between  -Ed  € 
(-85  F),  30  C  (80  P)  with  high  humidity,  and 
120  C  (248  ST  Three  cycles,  approximately 
2.5  week#  ccdsr  each  environment,  wr© 
Initiated  and  fix  solders  were  allowed  to  re¬ 
turn  to  roots  temperature.  Little  change  was 
noted  In  the  strength  of  ths  Joints  dua  to 
cycling  ir\  temperature  from  what  might  hare 
resulted  frees  aging  at  the  saroo  temperature 
for  ths  sas>3>  time  interval.  The  only  sub¬ 
stantial  alga  of  charge  occurs ©d  la  the 
50Sn-50Pb  solder,  this  solder  may  weaken 
under  varying  conditions  of  use. 

High  Humkhty  and  Fungus  Growth  Testa 

After  about-  5.5  months  exposure  to  a  tropi¬ 
cal  environment  and  exposure  to  microbiolog¬ 


ical  culture  media,  tensile-type  specimens 
■were  withdrawn  for  tent  and  were  eval¬ 
uated.  (4)  A  coating  of  solder  flux  was  left 
on  certain  solder  joint  surfaces;  other  joint# 
were  dissolved  of  flux  residue  and  wiped 
clean. 

Examination  disclosed  teat  the  residual 
.;-r!er  flux  did  not  act  as  a  good  source  oi 
fungus  nutrients.  However,  the  flax  residue 
did  set  as  a  particularly  good  base  for  fungus 
growth  if  the  nutrients  were  supplied  from 
outside.  The  results  chewed  that  while  ail 
the  soldered  joints  trere  weaker  than  at  the 
start  of  the  Seats,  iitey  were  not  significantly 
different  from  joints  aged  under  ordinary 
room  tamp©  raters  eorsditioas. 

Vibrattea 


Fatigue  tests  were  undertaken  at  three 
different  temperatures  to  determine  the  br- 
havlor  of  the  soldered  joint#  under  vibratory 
gtrear-ea.  These  were  conducted  on  Kroujwj 
di  reel -at  res  o  fatigue  machines  at  1500  cycles 
pe,  n  I  mite.  Trie  maximum  stress  for  each 
solder  wap  approximately  ono-hslf  the  mean 
ultimate  strength  at  lest  temperatures.  A 
minimum  stress  oi  1C-9  pounds  wa-3  uoed  to 
ensure  continuous  tension  conditions  during 
test.  The  results,  white  unclasalllable  from 
many  afipccts,  did  show  a  trend  which  can  be 
expected  from  other  joints  mode  with  the  came 
solders  and  subjected  to  a  vibrating  load.  The 


Table  5-8 —  E£I*rt  of  Temperature  on  Testclly  S&res^tb 
of  Soldered  hs-te 
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-C-J  c* 
t-65  n 

-10  C* 

(-4  n 

,25  C4 
(,77  F) 

-75  C* 
(,'.57  F) 

- 

.150  C» 
(.548  F) 

TOSn-JOPb 

srw 

W1 

11S0 

17  JO 

1153 

50f':-.-50Ffe 

Z? <*0 

*5S0 

1898 

12E4J 

310 

i  JteS  e>Pb 

2  4  SO 

— 

1671. 

— 

7W 

!  2CtSo 

2  rtO 

2050 

1420 

1510 

1010 

1  5  5A«-9T  SrtJ 

1493 

— 

mo 

— 

339 

|  95Sa-5Sb 

21 50 

2560 

2090 

1423 

H00 

*  Tempo iwttt.  a  of  tevf. 


soa 


fijgvjayras?1'** 


Tats*  8-8— ‘tVnsils  gSresgth  2s*«  <*  S^tefed  Joists 
Aged  for  six  BSenths  st  ?&&•  'PesgeratMrcs 


f 

— 

Solds? 

COS^SOBSiCffl 

Escsifeig  tsaS  SM 

-S5C»  }  -c3C® 
{-83  Si  j  f+T7  57 
_ _ _ 1 _  . 

C*1OTF} 

<42©  C*  1 
C-4T4SF3 

■4 

TsoSed  aging  | 

7GSn-30Pb 

4805  t  urn 

ue® 

mi 

" 

MSa-tePh 

40S5  ;  1489 

1*35 

32S 

20Su-S0Ft> 

saes  ]  eas 

m 

eso 

# 

S5Sn-5PS 

3Sto  !  1E39 

ms 

930 

'Posted  sit  room  tsmsuralss®  j 

708n~$0?b  2070  |  —  jgjg  J4J0 

5CSn-50Pb  SCCO  |  —  SS5*  1450  a 

20Sn-80Pt>  126J  a  —  1©S8  1170  1 
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maximum  load  encountered  was  1300  pousda. 
Since  tills  is  near  the  tensile  strength  limita¬ 
tion  of  20Sn-8OPb  solder,  this  alloy  allowed 
very  short  fatigue  life.  Jdsate  having  higher 
tensile  strength  had  longer-  fatigue  life.  The 
70Sn-30Fb  and  85Sn-51Si  wer®  aqual  ia  ten¬ 
sion,  but  the  fatigue  life  of  the  70Sn~30Pb  is 
much  greater.  The  60Sn-50Fh  solder  which 
was  much  weaker  thaa  tha  Si  fSfo  solder  in 
tei  ’ion  is  equal  to  it  ia  fattgae  life,  This 
Inmcates  that,  at  normal  temperatures,  the 
Sn-Sb  eolder  would  fee  a  poor  choice  for  use 
under  vibrating  loads.  r*o  outstanding  reaction 
wan  noted  from  any  one  suMer  which  might 
induce  the  design  engineer  to  favor  or  reject 
It  for  fatigue  resistance  behavior  at  120  C 
^248  Fj  bsyc  !  the  recommendation  that  the 
20S_i-80Pb  solder  should  not  be  used  where 
the  vibration  environment  is  rmfered  more 
critical  by  elevated  temperatures. 

PRINTED  CJBCOIT  80USSEBK} 

Reliable  printed  circuit  eolder  joint®  of 
uniformly  high  quality  are  py^duced  by  fol¬ 
lowing  carefully  controlled  eteps,  each  of 
which  has  ita  own  unique  Importance. 

Since  etched  copper  wiring  boards  do  not 
solder  as  readily  an  plated  ’  -Mjda,  it  is  com¬ 
mon  practice  to  eteetro^iate  the  bare  copper 
areas  witii  deposit)  of  cr-imiain,  silver,  or 
gold,  or  imore  frequently  with  tin  alloyed  with 
lead,  zinc,  copper,  or  nickel.  (4)  Hot  tinning 
is  also  used  to  improve  solder  ability.  Plated 
•boards  have  superior  physical  characteristics 
since  they  possess  better  initial  irolderability 
rod  better  storage  characterisVJea. 

The  wiring  boards  used  in  t  ie  assembly 
technique  are  often  stored  for  arbitrary 


t-  ■"'-da  before  csteg  eesjL  To  a,eep  coM’ersMo 
susiL,  t  free  from  ©csSaaalnatioB,  and  pro- 
vent  the  fcrmaSca  of  aside  film  oh  the  ej@~ 
tallle  area©,  protective  coatings  are  applied 
which  consist  SsasicaBj-  ef  was,  water  dip 
lacquers,  ana  soMes  £tasa>  Msq,  ia» 
organic  materials,  fesscb  ss  chromates,  will 
.  form  protective  fflsaa  ever  the  metallic  sur¬ 
faces  to  ha  pteesm&L  This  treatment  Into 
mises  the  formation  ssf  orfde  os-  sulfide  fill® 
as  -■  beeps  the  metallic  ssarfaeeo  Sa  prime  con- 
tliLja  for  &iv— vajdng.  It  preveotr  contain  iHaiioa 
from  perspiration  or  Smm  fingerprints  and 
also  avoids  etching  by  a  variety  .of  organic 
sormsf  "at. 

Bath  Mixture.  The  cesst  practical  and  work¬ 
able  bate  mixbsre  for  tii*>  soldering  of  copper- 
etched  isa  w.-it  a  s  plated  boards  is  80  to  38 
percent  tin,  with  tend  maktog  as  th®  remain¬ 
der.  The  eutectic  cossiposIF  in  of  SS  percent 
tin  sad  37  percent  lead  offers  the  slight  ad- 
vantage  of  a  liquidise  Seinperaturo  approxi- 
snately  9  degree?  Bower,  with  idsrately 
superior  spreading  characteristics. 


Bath  Temperature.  Esconsmended  dip- 
soldering  tempera’  .seo  are  460  to  470  F. 
Temperatures  of  450  to  §50  P  ara  actually  is 
ssse,  but  the  comparative  merits  and  oafoty  of 
fW®  practice  depend  es  atteis&aat  factors, 
such  as  the  size  «.?  th®  wiring  board  and  the 
nuntoer  of  components  wtsidi  may  b»  jeopard¬ 
ised  by  exposure  to  heat  from  ti*e  ©older  bath, 

Bath  Size.  The  quantity  of  the  bath  material 
snuciBS  g u  At  enough  to  prevent  3  seduction 
in  temperature  when  tfco  assembly  is  dipped. 
This  is  especially  important  at  fee  Sow  tem¬ 
perature  used  1b  dtp  soldering  printed  wiring 
boards. 

Dwell  Time.  Dwell  time  In  tfea  soldo r  bath 
fo'"  60740  or  03/37  tin-lead  solders  will  gen¬ 
erally  vary  between  three  and  eight  Eaconda, 
depending  on  tha  size  of  the  board  and  the 
number  of  component®  being  soldered.  Th© 
wiring  board  or  assembly  to  be  dip  soldo  red 
should  be  Immersed  in  the  solder  bath  gradu¬ 
ally  and  withdrawn  la  th®  came  manner. 

Bath  Agitation  and  Replenishment.  Th9  con¬ 
tents  olthc  solder  Satis  should  Bb  agitated  at 
least  once  each  day,  preferably  after  the  sol¬ 
der  pot  is  initially  heated.  Since  soldoring  Is 
alloying,  that  in,  the  difxiioion  of  metals  Into 
one  another,  a  buildup  of  impuritleo  from 
components  being  dipped  Into  the  pot  in  inevi¬ 
table,  and  eventually  the  contaminated  con¬ 
tents  of  the  pot  must  bs  diccarded  and  a  fra  ah 
start  made,  Tho  slow  addition  of  copper  to  the 
solder  bath  gradually  raises  the  melting  point 
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of  the  sttl&ss  ssMuffe  to  a  point  u.  ,  t@  tbe 
heating  unit  eaa  no  longer  sasiniafe#  the  mix¬ 
ture  la  the  liqirfd  state.  Thio  phenoEsessos  oc¬ 
curs  feecsBcs  ffea  tin-copper  srysJallizatSaa 
leaves  She  lafefasEie  deficient  is  tia,  Ssplee- 
Ishinsat  witfc  par®  tiss  ie  s&ss^smy  f©  Essta- 
tain  the  miriiw  at  the  decired  .ratio  cl  tia 
to  other  alloy  elements.  Figure  5-10  shoves  tbfi 
trace  impariiisG  found  2m  a  jjrodactioia-liaa 
solder  pot  by  spactrcgrfroMe  malychs  si  the 
indicated  iatereala 


Dip-SoSd»r®d  &iat  Tasting 

Considerable  effort  ms  axpoa&sd  by  ft* 
Eastman  Kodak  Company  upon  s  program  to¬ 
re  sttgating  dip-soldered  joint')  from  tfe# 
standpoint  cl  results  which  can  be  astiejusted 
In  produc&cji,  {{5}  This  program  cohered  four 
field® 


1.  Efficiency  cl  joint  formation. 
%  f&ort-ttes  tensile  strsngSi. 

3.  Impact  strength  to  tonaloa. 

4.  C.coep  eteesgtii  In  tansies. 


m  f 


•  Copper. 


Fig.  8-17.  Dlp-colttorsd  bundle.  (Eastons 
itodak  Company.) 


Tito  dlp-ooldered  joints  used  for  ovaluatioa 
were  me  do  in  the  form  of  bundles  using  ob¬ 
solete  production  photo-etched  boards  ac 
shown  in  Fig,  R-17.  A  typical  bundle  and  dlo- 
tribution  deck  Is  shown  in  Fig.  5-18.  A  cross- 
sectional  view  of  a  typical  bundle  i"  shown  in 
Fig..  8-19.  This  typo  of  straight-through  joint 
tested  io  not  generally  in  use.  The  majority  of 
joints  employ  a  crimp  or  clinch  to  mechani¬ 
cally  secure  the  connection. 


6  0.07  1 

o 

£  0  -05 
a  0.04  - 


Bismuth 


Cadmium 


:  Antimony  ' 


Ail  the  dip-soldered  Jci.do  wore  tooted  at 
70  F  except  one  typo  discussed  Ister.  The 
tests  wara  made  using  s  5~ second  dip  in  GO 
percent  tin  40  percent  load  solder  at  a  tem¬ 
perature  of  560  F.  Act'.'.’oted  rosin  flux  was 
ue-s-d  throughout. 

All  strength  teste  wore  ruado  using  single- 
Jolnto  from  the  tost  bundles.  The  preparation 
of  tli coo  samples  was  standsi-dlaed  to  mini- 
mire  variables.  Tfao  tost  camples  consisted  of 
a  series  of  dip-eoldorc-d  joints  and  I -inch 
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Rf,  5- 15.  Dip- wider  pot  trace  te-yaritfe-a. 
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Fig,  5-iO.  Cncras-Gsctioaal  view  of  feundla. 


ler.dfi  with  eicol  washers  attached  an'shown  1q 
Fig.  5-2& 

Failures.  Failures  wars  of  two  typos:  thoeo 
which  occurred  in  the  dip-eoldored  Joint,  end 
those  3b  which  tbs  wire  iced  failed  (eea 
Pig.  5-Si)-  Since  tho  purpose  of  th®  program 
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wao  to  determine  the  overall  joint  etrsEgfea 
vrhtch  can  bu  achieved  la  production,  it  was 
assessed  that  a  wiro  lead  failure  indicated 
that  fins  dip-soldered  joint  associated  wife 
feat  lend  io  stronger  then  tho  lead  ItsaH. 
Therefore,  with  the  exception  of  impact  teeS 
results,  le&a  failures  and  joint  failures  are 
averaged. 

Efficiency  of  Jotot  Formation.  to  ovateatisig 
the  efficiency  of  dip-sc&derecfjoint  formation, 
defective  joints  aro  considered  to  consist  e£ 
to©  types.  Since  no  official  or  formal  identi¬ 
fying  nameo  have  been  given  to  these  typao, 
they  are  currently  formed  “misses”  and 
“psstiale."  Misses  aro  thoes  joints  that  hav® 
eo  solder  continuity  between  th©  load  wire  and 
(ho  photo-etched  pattern.  Partials  are  dip- 


JOIMT  FAILURE 


LEAD  FAILURE 


Fig.  O-'Al.  JolrA-loz-d  failure  dslailc. 


soldo  red  joints  in  which  the  sold-ar  fill  at  to 
incomplete.  Tho  combined  typos  aro  shown  in 
Fig.  f>-22  which  Illustrates  that  with  T010- 
inch  diametral  clearance,  ofiicioncios  of  S3 
to  60.2  percent  can  bo  expected.  Diametral 
ciearancos  over  O.OiO  inch  result  in  substan¬ 
tial  reduction  in  efficiency.  Tho  efficiency 
curve  ’  '■■  dio  result  of  visual  inspection  of  as 
a--..r.^pj  of  650  dip-soldered  Joints  for  each 
clearance.  A  mor©  detail nd  analy¬ 
sis  of  tho  toot  data  shows  that  for  a  gives 
diametral  clearance,  amallar  wires  torn!  to  b® 
more  efficient  in  joint  formation.  Do  tot  led 
production  records  o.how  that  from  15  to  SO 
percent  of  all  defoefivo  joints  wore  mis  sec. 
Theao  records  further  ohow  that  of  60,000 
Joints  observed,  0.25  percent  ware  mlseae 
and  1.10  percent  were  partial.®.  Tin;  balanca 
of  tlx)  Joints  (0S.55  percent)  wo:oo  satisfactory. 

Poor  joints  may  '.  a  formed  whoa  dirt  or 
oxides  aro  preeon;  os  tho  surface  of  ths 
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Fig.  5-22.  Effect  of  dlimetritf  clearance  oo 
joint  defect*. 


leads.  The  oxides  ere  assumed  to  be  the  re¬ 
sult  of  porous  plating  which  allows  either 
copper  oxides  or  sulfides  to  migrate  through 
to  the  surface  and  prevent  acceptable  fillet 
formation.  Several  methods  of  cleaning  as¬ 
semble  ’  components,  leads,  and  boards  im¬ 
mediately  prior  to  fluxing  are  now  being  con¬ 
sidered  as  a  method  of  further  increasing  the 
efficiency  of  dip-soldered  joint  ‘'^rmatioo. 

Short-Time  Tensile  Strength.  The  rftort- 
iime  tensile  teats  were* made  on  a  Baldwin 
"  uihwark  Universal  testing  machine  with  a 
Tate  Emory  air  cell  to  reduce  tho  normal 
24,000  pound  capacity  to  a  range  of  0  to  240 
pounds.  The  speed  of  the  movable  head  was  1 
Inch  per  minute. 


The  results  of  short-time  tensile  tests  srs 
shown  in  Fig,  5-2S  and  Table  6-10,  In  gen¬ 
eral,  there  is  a  tendency  for  joint  strength  to 
be  mainly  a  fsnetien  of  wire  ate®,  and  to  fea 
relatively  independent  of  diametral  claaranca. 
Smaller  wires  seem  to  have  more  constant 
strength  in  relation  to  diametral  clearance 
because,  beginning  with  AWG  Kb.  22,  lead 
failures  make  op  en  increasing  part  of  total 
failures. 

Impact  Strength  in  Tension.  Evataatir.y,  dip¬ 
so  Iciered  joints  for  impact  strength  in  tensioa 
required  the  development  of  a  testingmachina 
The  machine  So  similar  to  standard  impact 
machines  in  that  it  measures  the  energy  re¬ 
quired  to  caase  fracture.  la  making  a  rae- 
aurement,  &a  pendulum  io  dropped  from  a 
specific  angle,  and  the  follow- through  angle 
is  measured.  The  difference  between  the  In¬ 
itial  energy  and  the  follow-through  energy  is 
the  energy  repaired  to  cause  fracture. 

As  part  of  !be  calibration  process,  a  siroa«~ 
strain  diagram  was  plotted  for  No.  20  copper 
wire,  and  the  theoretical  energy  required  for 
fracture  was  calculated  Bo  suits  of  these  im¬ 
pact  tests  of  this  came  wire  checked  so 
closely  diet  tfce  impact  index  in  considered  a 
true  energy  vala®. 

The  average  ar.d  range  of  values  of  impact 
strength  In  tcsslon  of  100  samples  for  each 
wire  have  been  obtained  .Detailed  renulto 
show  that  impact  strength  is  independent  of 
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Fig.  5-33-  £frort-tiro«  of  pftoto-etched  d^p-*oiderc<1  Jolnta. 
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Tsbte  5-10 — Stendfrd  Dip-fiotstsred  Joints,  Averag®  Strength  (foe 
-  0.010-inch  Diametral  Clearance,  Copper  Wir® 


*  Average  number  at  samples  teoied:  short-time  tensile  strength,  20;  Im¬ 
pact  In  tension,  100. 

f  This  figure  represents  that  portion  of  the  total  dip-soldered  Joints  tested 
which  failed  in  the  Joint.  The  remaining  failures  occurred  In  tha  lead. 

$Thl»  figure  represents  Impact  strength  compared  to  that  0!  No.  20  copper 
wlra. 

t  Thl*  figure  represents  6  statistical  average  of  both  Joint  and  lead  failures. 

diametral  clearance,  Therefore,  the  results  trate  creep  strength,  samples  were  tested  by 

shown  in  Table  5-10  and  Fig.  6-24  are  pre-  suspending  fixed  weights  on  dip-soldered  joint 

sented  as  a  function  of  wire  else  only.  The  oamplea  until  fracture  occurred.  The  fillet 

resulting  impact  index  is  directly  proportional  heights  of  individual  joints  were  measured  bs- 

to  wire  diameter.  Inconsistencies  in  the  av-  tore  the  samples  failed.  The  strength  results 

eragec  are  due  to  wire  annealing,  elasticity,  were  directly  related  to  thaee  fillet  heights, 

and  other  teat  sample  variables  which  cannot  Figure  5-25  shows  the  relationship  ol  the  ap- 

be  completely  controlled  but  would  be  on-  plied  load  and  time  required  for  fe.iure  to  be 

countered  in  regular  production.  a  logariii  ic  function. 

Creep  Strength  in  Tanston.  The  creep  The  significance  of  creep  strength  is  snore 

atrengm  oTioTSerlirolfea  co55I3ored  its  poor-  evident  in  cases  where  the  relief  of  internal 

eat  characteristic  since  a  Joint  may  fail  under  ntreas  might  cause  fracture.  This  condition 

e  relatively  small  continuous  lord.  To  oval-  can  be  largely  eliminated  in  design  by  pro- 
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Fig.  3-34.  Impact  «tr«Bgtb  In  tension  of  photo-etched  cUp-eoktered  Joint*. 
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Fig-  9-35.  Creep  eixeogla  in  tension  of  photo-etekaS  dip-soldered  ja'lnCa, 


aiding  rigid  aKPsutogs  or  tmmsxoue  com¬ 
ponents  between  fbs  photo-etched  boards. 

Dip-soldered  Joint  StrengthegiilBg-  Sine®  the 
3 1 rSi^tF  oT  i*r  d ip-  so  kS'ecTjo kd  la  essentially 
the  shear  strength  d  tho  solder  in  the  fillet, 
the  method  for  Increasing  gtreagth  to  to  In¬ 
crease?  the  *’Uet  height.  Figaro  5-5>5  shows 
the  relation  dip-aoldered  jotol  Allot  height 
to  short-time  tensile  strength.  Photo-etched 
cor*' 'stor  pattern  deeign  is  also  a  factor  in 
the  ic.snatlon  of  larp*  lysansstrtcal  dip- 
soldered  joint  fillets,  No  Hart,  was  made  to 
take  pattern  desiga  into  consideration  in  eval¬ 
uating  methods  cl  joint  strengthening;.  Tho 
following  methods  of  joint  strengthening  have 
been  tried  with  and  without  sseesaas: 

1.  Notching,  criaaplug,  beiidlng,  flattening, 
flaring,  or  harwieo  altering  that  portion  of 
tho  wire  wh.ui  to  included  ia  iha  colder  ftllot 
toco  Fig.  5-37). 

2.  Using  eyelets  or  plated-ftexmgit  holes, 

3.  Using  another  matorlal  on  the  bach  of  the 
board  around  tiro  toads. 

4.  Controlling  the  length  of  the  toad  which  is 
dipped  into  the  solder. 

Of  the  methods  listed  in  (1)  above,  flaring 
of  a  portion  of  tho  lead  which  is  included  ia 
the  solder  fillet  ia  the  only  method  which 
shows  a  significant  strength  increase  (43 
percent).  Flarlog  la  accomplished  with  s  tool 
which  cuts  a i'd  flattens  the  wire  so  Its  greater 
dimension  exceeds  the  hole  diameter  in  tho 
board.  In  this  way,  not  only  tha  shear  strength 
of  tho  solder,  but  aloe  tho  Inlerferenco  of  the 
flattened  portion  o if  the  wire  with  the  pltoto- 
eldtot!  board  contributes  to  the  ©re rail  joint 


ctrength.  TMe  moil  tea  Ss  ©0setv.l,.j  onljf  fe 
Isadc  which  cm?  be  cut  off  prim'  to  dippJLnff. 

Tho  sjrstofi  joints  testa*!  nsed  tadi'edfHitsl 
brass  eyelets  staked  Into  tootes  In  fm  printed 
Board,  In  erateg  unplsted  or  SttMy  plated  braes 
eyelets  i»  I.koly  that  sroldar  yist  ©cistern  insitws 
with  sine  wUl  result  Seats  c£  pbtiq  to  whieh 
the  inside  surface  of  tho  hols  wnosovurodwilfe 
plating  showed  that  failuri?  cA'tm  occurs  te 
separation  of  the  plating  tvom&ohole  uurfaca. 
In  plated -tii rough  jointo,  the*®  Is  a  oig;jiifics«t 
tendency  .for  voids  to  fossa  in  tea  #oM«r  filling 
tho  hole.  The  ctrength  cl!  ’min  ©j/elottod  and 
plated- tlcmvigii  joints  compared  fa.  Tables  5-11 
pud  5-12  Is  greater  than  that  «S  AVJQ  Mo.  29 
wire.  Sloe®  Sfes  components  tejjssairaluesJtawa 
AWG  No.  21  or  smaller  loath?..  U.  ie  believed 
there  are  other  methods  of  jc&si  i.drer/gthcnh.'g 
which  si  o  a&xjuate  and  do  «oA  involve  tho 
extra  «xpoM8  for  eyelet  sasasa&Sy  or  plated- 
through  Isol aa. 

By  applying  obsllnc  or  epotsy  tdiAbii  around 
the  leads  on  the  back  of  toopfeoto-^itchediNwM'd 
after  dip  soldering,  it  la  posmS&t)  to  incroa&s 
lha  overall  joint  strength.  Slops  epoxy  resins 
are  iucoUibie  after  curing,  repair  is  not  prac¬ 
tical.  Sioiiac,  however,  la  rsmsSJ If  aolubls  is 
alcohol,  and  unite  on  wfaiefa  H  h  used  arc? 
repairable.  Although  epoxy  renin  joints  aro 
stronger  than  shellac  Joints,  fine  shellac  it?  IS 
porcerd  [stronger  than  otandard  joints,  this 
making  it  satisfactory  for  joint  clrengthonSng 
without  iha  necessity  of  aa  additional  oper¬ 
ation,  It  la  felt  that,  aboil ste  sp^Ucstton  should 
bo  coaside  red  .first. 

In  tho  course  of  dipping  esjverisBOntal  bra- 
dies,  it  was  reported  that  wte#  loads  dipped 
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Fig.  6-2®.  Relation  of  fillet  height  to  short- 
Umo  tensiki  atreogtfc. 


Into  the  colder  were  short,  the  solder  fillets 
appeared  to  be  larger.  (6)  Specific  testa 
proved  that  when  leads  are  i/8  inch  long,  the 
Increase  in  solder  fillet  height  is  greatest 
This  Is  probably  due  to  the  fact  that  tho  whole 
lead  is  removed  Cross  the  solder  pot  before 
all  excess  soldar  caa  run  off.  The  remaining 
solder  then  becomes  part  of  the  solder  fillet 
Comparison  with  standard  dip -soldered  joint 
fillet  heights  show  that  1/8-inch  leads  result 
in  a  30-percent  height  increase  and  s  35-por- 
oant  short-time  tonsil®  strength  increase  over 
corresponding  average  values  for  standard 
joints.  This  method  of  joint  strengthening  Is 
applicable  only  to  leads  which  are  not  used 
Cor  connections  to  adjacent  units. 

A  solder  containing  83  percent  tin  and  6 
percent  antimony  was  recommended  for  this 
particular  dip  soldering  application  since  all 
available  test  information  indicates  that  it  has 
considerably  more  strength  in  all  categories 
than  the  60  percent  tin  and  40  percent  load 
solder.  However,  insufficient  tests  have  boon 
made  to  show  that  this  composition  is  better 
than  eutectic  solders.  Initial  experiments 
showed  acceptable  results  when  used  on  photo-- 
etched  boards  with  0.060  inch  ormorebetwooa 
conductors.  Close  conductor  spacing  (0.020  to 
0.040  inch)  allowed  a  slight  amount  of  bridging 
between  patterns.  Further  investigation  showed 
that  the  lead  in  the  60/40  solder  plated  on  the 
conductors  apparently  contaminated  the  tin- 
antimony  solder,  and  was  responsible  for  tho 
bridging.  Bare  copper  conductors  dipped  in 
95/5  Un-antimony  solder  gave  results  which 
surpassed  those  of  60/40  tin-lead  solder. 

The  tin-antimony  composition  lacks  a  sharp 
eutectic  point,  are!  exhibits  a  plastic  range  of 
approximately  18  F  (10  C)  through  which  the 
solder  must  pass  before  complete  solidifica¬ 
tion  takes  place.  Tho  ilquldus  point  is  approx¬ 
imately  460  F  which  In  100  F  above  that  of 
60/40  soldor.  Dipping  gives  satisfactory  re¬ 


sults.  Joint  efficiency  hay  been  measured  only 
in  laboratory  experiments;  however,  it  seems 
superior  to  that  of  80/40  solder.  Of  754  joints 
dipped  in  05/5  solder,  there  was  only  one  ins- 
perfect  joint  formed  or  0. 133  percent  defective 
as  compared  with  the  average  of  approximately 
1  permit  defective  obtained  with  60/40  solder 
and  a  similar  wire  oiae.  It  forms  fillets  which 
average  25  percent  greater  in  height.  It  also 
builds  up  on  metallic  fixtures  faster  than  60/40 
solder.  Measurements  of  strength  show  that 
95/5  solder  joints  are  30  percent  stronger  in 
tension,  63  percent  stronger  in  impact,  and 
750  to  950  times  so  strong  as  60/40  solder 
joints  in  creep.  These  results  1  erify  the  pre¬ 
dictions  made  for  this  material. 
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Fig.  5-37.  Conductor 
join!  strength. 
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Table  6-12—  Relative  Joint  Strength* 

Descriptlc* 


No.  20  Wire,  O.MS-ta.  hole, 
flared  lead 

No.  20  Wire,  0.04a- in.  hole, 
bras*  eyelet 

No.  20  Wire,  0.062-in.  hole, 
plated-ihrcyjh  bole 

No.  20  Wire,  0.042-in.  hole, 
epoxy  reoO:  e»i  back  of 
board 

No.  20  Wire,  0.045-ia.  hole, 
theliac  on  bach  of  board 

No.  &u  Wire,  0.0-12-la.  hole, 
leads  1/8  In.  long 
before  dipping 

No.  20  Wire,  0.042-in.  hole, 
95-5  solder  (Std) 

No.  20  Wire,  0.042-Sn.  Hole, 
93-5  solder,  leads  1/8  in. 
long  before  dipping 


|  Short-tim«  tensile  strength 

Figure  Strength 
No.  (lb) 
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Tin-antimony  solder  of  tfca  95/S  compoalUon 
was  a  Ido  toated  for  Increased  fillet  height  and 
joint  strength  with  a  load  length  of  1/8  inch 
prior  to  dip  soldering.  The  Increases  wore  not 
as  groat  a*  with  60/40  solder.  Since  85/3 
aoldor  joints  dipped  with  loads  i/i,  Inch  long 
have  fillet  height  and  short-time  tensile 
strength  which  are  only  ©lightly  bolow  the 
corroopondlng  values  for  80/40  solder  joint* 
mado  with  leads  cat  to  1/8  Inch,  It  is  believed 
that  those  result*  do  not  indicate  a  disad¬ 
vantage  of  85/5  solder.  Fltrii^'  leads  and  con¬ 


trolling  load  length,  as  discussed  above,  ara 
two  menus  of  joint  strengthening  which  are 
not  applicable  when  h:.Ja  must  bs  left  loitg 
for  connections  to  other  units.  Tbo  85/g 
solder  does  not  hare  (his  limitation. 

Double  dipping  Is  often  used  Ineffectively  a* 
a  means  of  increasing  fillet  height  and  joint 
6.  -ength.  Toots  show  that  doable  dine  ovor  the 
original  joint  do  not  servo  any  practical  pur¬ 
pose,  except  possibly  to  fill  any  voids  left 
fs-orn  the  original  dip.  Refluxing  is  necessary 


Tabic  5-12— Wire  Strength 


Short-time  tensile 
strength 
0b) 


Impact  In  tension 
Impact  Index 


No.  *0  Copper 
No.  22  Copper 
No.  S4  Copper 
No.  38  Copper 
No.  28  Copper 


No.  13  Steel 
No.  24  Steel 
No  25  Steel 
No.  26  Steel 


*  * 


JL. 


for  acceptable  solder  flow.  The  wscond  dtp 
melts  the  fir  at  fillet,  but  does  not  increase 
the  final  fillet  size.  It  is  believed  that  it  tend* 
to  disperse  the  copper-tin  alloy  plane  with  a 
corresponding  joint  strength  decrease.  This 
is  not  true  if  some  change  is  made  in  the 
mechanical  configuration  between  dipc.  Flare- 
cutting  the  leads  would  be  an  example  of  such 
mechanical  change. 


Conductor  Patterns.  Ihe  design  of  photo- 
etched  conductor  patterns  has  a  vital  in¬ 


6000 


fluence  on  dip -soldered  joint  efficiency.  'rso 
generalizations  concerning  design  specifica¬ 
tions  of  these  pattern;  may  be  dravat. 


1.  Teardrop  or  streamlined  design  with  n© 
sharp  angles  or  coners  is  preferred.  Careful 
attention  should  be  gives  to  avoid  paSt&ya  con¬ 
figurations  which  pve  poor  results  as  show* 
in  Fig.  5-28.  Some  of  thee*  poor  conductor 
pattern#  cause  defective  Jotata  velsMe  others 
result  in  amal!  or  oontyjrjMetricai  dip-sol¬ 
dered  joint  fillet*. 
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2.  avoid  process  problems,,  the  sog- 
ge*rted  minimum  conductor  pattern  width  is 
epecified  as  0.020  incli,  and  the  minim  am  clear¬ 
ance  between  conductor  as  0.020  inch  at  any 
©se  point  Whenever  the  space  commitments 
permit,  the  minimum  clearance  should  be  i»- 
©reused  to  0.040  inch,  and  the  conductors 
rijould  be  designed  so  that  they  do  not  ra® 
parallel  to  each  other  tor  a  greater  distance 
than  necessary. 

VO’S  AND  DON’T'S  FOR  SOLDERING 

1.  Do  act  solder  unclean  or  oxidised  mr~ 
feces, 

2.  Use  only  rosin  fluxes, 

2.  Do  not  depend  oa  a  soldered  joint  to 
withstand  mechanical  or  physical  stress. 


4.  When  soldering  sine  or  galvanised  irssa, 
ase  a  solder  composition  with  little  or  m 
antimony. 

5.  S 5  dip-roldertag ,  always  use  a  colder  p®2 
or  bath  wide  enou^j  to  accommodate  wor’i 
pieces  comfortably,  and  deep  enough  to  main- 
tain  uniform  temperature, 

6.  Avoid  prolonged  immersion  of  work 
pieces  in  a  solder  pot  to  reduce  solder  pet 
contamination.  This  condition  is  to  be  avoided 
as  it  raises  &3  meltiug  point  of  the  colder 
misters. 

1.  Avoid  double  dipping  printed  circuit  as¬ 
semblies. 

8.  Don't  pot  terminals  to©  close  together. 

it.  Don't  use  solder  to  hold  parts  together. 

10.  Design  equipae-at  into  subunits  easily 
colderod. 
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A  chopper  Is  a  high  precision  «S*£Sfea»- 
chanical  device  often  employed  ia  raslag  and 
digital  comptstara,  fire  control  systeas,  servo 
systems,  or  ia  tsiometering  appUca'da*s.  S  is 
a»ed  where  a  signal  to  bo  amplified  is  in¬ 
troduced  ns  a  d-c  edgmi  or  as  E*cfe  a  low 
frequency  a-c  signal  that  efficient  aerifica¬ 
tion  Is  difficult.  Tfcachoppor  Interred  (chops) 
the  low  froqiioocy  or  d-c  signal  at  setae  de¬ 
sired  rata  and,  in  effect,  convert*  It  to  a 
square  wave  signal,  which  cas  be  azsg&fted 
ewiliy. 

The  chopper,  as  shown  in  Fig.  6-1,  go®*  by 
ethar  names,  such  as  contact  jaodairtor  or 
converter.  R  consists  basically  of  s  vibrating 
mass  bearing  contacts;  ttw  vibratlag  energy 
being  supplied  by  an  a-c  field.  lu  sesy  ways 
the  chopper  resembles  a  relay  or  .■  rtbswtor; 
*bui  there  aro  significant  dlfforencoW is  Us  de¬ 
sign,  construction,  and  application  cssspared 
to  theso  otter  components. 

Basically,  iho  chopper  i*  2  slagt^-pda, 
dctible-thraw  switch  (®ea  Fig.  0-3),  is  which 
the  movable  contact  1*  swung  between  tiro 
fixed  contact*  at  a  rapM  and  conUmsoa®  rats 
by  an  electromagnet!.  ■  field  supplied  by  a 
driving  coil  through  which  flows  afterxsiicg 
current  at  a  frequency  of  from  15  to  iSSO  cb*. 
The  movable  contact  closes  on  oca  fixed  tor- 
tact  for  an  Interval  referred  to  as  tho  dwell 
time.  Polarity  reversal  of  the  applied  driving 
voltage  swings  tho  movable  arm  *0  that  the 
movable  contact  closes  on  tho  other  fixed 
contact  for  a  corresponding  dwell-tUse  in¬ 
terval.  Tte  transit  time  ia  called  the  off  time. 


Fig.  6-1.  The  chopper  s®  s  completely 
eelf-cofttalttod  unit.  Coaivrctfoos  may  be 
brought  out  to  coehet  pine  to  permit 
plug-in  Installation.  Pig-tall  load®  fre¬ 
quently  provide  advantage*  in  certain 
*ppllCRtk>oa, 


Thors  i*  an  effective  pha*a  lag  between 
contacts  and  driving  signal,  which  may  be 
between  30  and  100  electrical  degrees,  de¬ 
pending  on  frequency  and  other  factors.  Tha 
lag  is  made  tqs  of  two  parts:  an  electrically 
lagging  coil  current  and  a.  physical  lag  de¬ 
rived  iron',  mechanical  value  a 

The  majority  of  choppers  have  a  single- 
pole,  double-throw,  break- before- make  con¬ 
tact  arrangement.  Meet  contacts  have  a  max¬ 
imum  voltage  rating  rit  1 "  j  volte  end  a  max¬ 
imum  current  rating  <■■  a  ma  at  unity  power 
factor.  Constrwctioe  of  tho  chopper  1*  such 
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®The  editors  have  Sniri  heavily  os  no2e®  s:yf; 
fcwc  kground  fsiral  *j><d  by  Frank  Hocked  of  Airyas 
Product*  Ca. 


m.  8-i  Sinusoidal  alternating  current  drives 
the  chopper  £0  soaks  alternate  contact  vritll 
etiher  ol  Itvo  fixed  contacts. 
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that  there  io  ita  neutral  position  c£  tho  mct- 
abl*  arm  when  de-e nergtrad;  the  arm  and  ita 
contact  will  etop  at  raad os  on  either  c£  tiss 
fixed  contacts  when  dri7»  Is  removed. 

Choi  ?rs  are  most  frequently  packaged  to 
hermetically  eealed,  cylindrical  hocsiag*  osf 
the  order  of  3  inches  high  and  1  inch  In  di¬ 
ameter.  Connections  are  brought  cot  to  socket 
pins  that  plug  into  7-pin  miniature  or  octal 
tube  sockets  permit!'", g  simple  sail  speedy 
.ustallatloa  or  removal. 

CHOPPER  DEFINITIONS 

Off  Time.  Otf  time  is  the  time  in  degrees 
during  which  neither  ccsjtact  Is  cloaod;  it 
occm .  twice  In  each  cycle. 

Dwell  Time.  This  ie  sometime*  called 
“on  time.”  U  Is  the  number  of  dsgrsea  each 
contact  is  closed,  expressed  Ln  relation  to  the 
driving  sine  wave.  There  are  two  dwell  time 
intervals  In  each  cycle  of  operatic®  a*  il¬ 
lustrated  in  Fig.  6-SL 

Balance.  Balance  io  the  difference  between 
dwell- tl  race  on  tho  two  fixed  coctacia,  ex¬ 
pressed  in  degrwsa. 

Common  lime.  Common  time  (see  Fig.  8-4} 
occurs  in  a  malio-beforo-break  chopper  and  Is 
the  period  during  which  all  contacts  close  to¬ 
gether.  Measurement  of  common  time  pro¬ 
vides  a  more  accurate  and  more  sadly  meas¬ 
ured  control  of  balance. 


PhosG  Dwell 

on-gle  i>m>2 


onqle  time 


Itj,  8-5.  Pha-e  angle  i*  nwaaursd  frcaa  the 
peal  of  Ills  d r i  vhif  *  l  ne  wave  to  lh«  tiildpoUS 
between  contact  raidie-n'x''-bresk,  *xpr»o*fd  la 
degree*.  Dwell  time  reiers  to  the  number  of 
degree*  each  contact  i«  closed. 


Fig.  8-4.  Common  time  defines  tiw  inters®! 

during  which  all  contacts  are  at  the  same 

potential.  It  occurs  only  ln  maka-before-broaSt 

choppers. 

Make  or  Clgggra  Angle.  The  aaglo  of  cca- 
tact^ctoguro  (&so  ^ig.  d-"S)  io  measured  from 
the  point  at  which  tho  driving  sins  wavs 
cro #uo*  the  start)  amplitude  axis  to  tko  point 
cd  first  contact  closure.  The  breaking  angle 
lu  referred  to  the  earns  point  ln  time. 

Phaaa  Angle.  The  phase  angle  ie  the  angle 
existing  between  the  peak  of  tho  driving  sin* 
voltage  and  the  midpoint  between  contact 
make  and  break,  expressed  in  degrees  d 
the  driving  wave,  cs  shown  in  Fig.  6-S.  77ms, 
phase  angle  Is  measured  from  ihe  ®0- degree 
tor  270-degreo)  point  of  the  driving  eins  wavs 
to  tha  mldp-aiat  of  the  on  Ums  or  period  of 
closure. 

Relative  Phare.  Relative  phase  is  tho  pita** 
polArity~oTthe  chopper.  1*  is  most  easily  de¬ 
fined  ln  terms  of  tins  required  d-c  polar! ty  on 
the  coil  to  close  a  specific  coots-ct.  Reversal 
of  coil  or  cowiaci  leads  introduces  a  1S0- 
degre  j  change  in  signal  poxlltoa. 

Frequency  Rang?.  Frequency  rang?  ie  the 
range  of  drive-coil  frequencies  ovar  which 
satisfactory  operation  can  he  obtainod. 

•^■Noiee.  Noise  la  tho  residual  noise  or  signal 
appearing  across  resistors  connected  to  the 
contacts,  as  shown  In  Fig.  0-8,  with  excitation 
applied  to  tho  coll  and  no  direct  current  ap¬ 
plied  to  the  contact*. 

Chatter.  Chatter  is  tho  physical  bounce  or 
reSemnd  oi  tho  contacts  occurring  after  I  ha  in¬ 
itial  contact  closure.  Chatter  ia  an  undesir¬ 
able  form  ctf  off  time  and  is  expressed  in  de¬ 
gree*.  If  wore  tlui.,  one  bounce  occurs,  tho 
total  chatter  from  tty*  beginning  of  the  first 
bovaice  to  the  cod  of  Ua:  last  bounce  is  me  a*- 
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fig,  <1-1.  doaare  aagW  W  aiS2*ur«d  betweea  the 
im  reference  polnta  of  (1)  the  driving  sine  wavs 
1x2*  crossover  as!  (J)  the  actual  contact  closure. 

ured  and  exp  reared  in  degreec.  ?Jgur*  8-7 
shows  a  typical  oscilloscope  presentation  erf 
chopper  chatter. 

CHOPPER  DKSG3 

The  design  of  choppers,  like  that  of  any 
electromechanical  devico,  involves  specialised 
Esalysl3  and  e-omc  compromises  for  optimum 
performance.  Som*  erf  the  advantageous  fea¬ 
tures  oi  well  dooigjsed  choppers  are: 

1.  Extremely  rugged  construction;  no  doll- 
eats  or  aonaitlvo  parts;  ability  to  withstand 
Gxlrsmsly  hrutal  mechanical  treatment  with¬ 
out  characteristic  cti^ngo. 

X  Immunity  to  vibration  and  acceleraiicat; 
this  Is  due  io  the  largo  dynamic  traverse  rxid 
the  hlf.li  In stsmtascoes  stored  energies  of  the 
system  when  operated  near  resonance. 

3.  Rapid,  clean  contact  make  and  break. 

4.  High  contact  presso.ros. 

5.  Largo  contact  wiping  action. 

8.  Insensitivity  to  tharmal  expansions  and 
ccniractkma  altering  the  internal  spaclrjg-a. 
Thia  again  is  doe  to  th*  large  dynamic  trav¬ 
erse  that  rajwlres  eo  byporcrlUCal  sjacla^* 
or  adjustmewUi. 

Pome  of  tha  disadvantage  n  of  choppers  are: 

1.  Mechanical  wear  on  tile  contacts. 

2.  Dependence  erf  phase  ancle  cvi  frequency, 
which,  however,,  c in  be  held  to  practical 
tolerance*  lor  variation  usually  cflcccmtsred 
In  drive  frequency. 

Contact* 

The  service  life  of  any  chopper  le  Invariably 
limited  by  ccvitaci  behavior.  The  contact.?  ars 
subject  to  failure  because  they  may  wear, 
pit,  stKk,  traasrfer  metal  from  one  contact 
to  the  on. r,  and  develop  resistance.  In  low- 


Ftg.  C-8.  Circuit  w.rrfjguratior  for  measure- 
men?  of  aoiae  valoss. 


level  applications,  where  the  Interruptions  in¬ 
volve  small  voltages  at  high  impedances,  little 
effect  is  noted  frozn  the  electrical  phenomena 
that  are  eqo mt  troublesome  with  vibrator  con¬ 
tacts  where  power  must  be  handled.  The  weas* 
seenso  to  be  mainly  mechanical. 

Factors  itffectJng  tha  abraded  volume  c-j 
contact  metal  are;  contact  chaps,  choice  d 
metal,  hardness  and  crystal  t?trvxture,  con¬ 
tact  pressure,  distance  of  wiping,  and  atmos¬ 
pheric  corditioa*. 

Larje  dynamic  traverse,  resulting  io  iarge 
wiping  and  Mgh  contact  loads.  Is  waseflclal 
for  reliable  pjssraticc. 

Bc-caase  choppers  handle  informatioo  sig¬ 
nals,  Goose  contacts  are  of  relatively  soft  ma¬ 
terial,  often  gold,  sad  need  not  be  widely 
eaparaied  when  open. 

Contact  Resistance.  Chopper  contacts  &ro 
occasionally  prevented  from  making  com¬ 
pletely  ami  adequately  so  that  tno  output  wave¬ 
form  appears  ragged  and  distorted.  The  eauisa 
Is  tha  presence  of  Gonconductiv®  or  semi - 
cooducUve  snatler  in  finely  divided  powder 
form  on  the  contact  coating  surfaces.  One  con¬ 
tributing  factor  is  the  accumulation  of  oxi¬ 
dation  products.  The  effect  on  circuit  opera- 


Fig.  6-1.  Oscilloscope  preeenlatloa  erf  contact 
chattor  or  '  ‘  bowice.  ” 


Siss  is  t&st  el  a  rasMance  5a  series  with  to 
cfcopae?  cffitiacta  eo  that  the  circuit  to  e® 
eiaKxi  by  its  eos&acfs,  perhaps  the  grid  ©f  as 
saspiifier,  is  actually  closed  tlmmgfc  a  var- 
kMs  msXstes&m, 

The  erratic  signal  resalttag  fro®  this  @S»- 
sssagnon  is  epajetisaes  classified  as  noise. 
£a  a  stricter  sassse,  this  erratic  beliavier  does 
oe&  create  a  sew  signal  but,  rather,  a  highly 
distorted  version  cS  the  existing  signal.  Chop¬ 
pers  exhibit  tMs  tesdesicy  in  varying  degress, 
and  the  quality  of  lbs  chopper  may  bs  os~ 
taMisfeed  «a  tills  basto  atone.  Chopper  life  So 
SJSsraiiy  terminated  with  the  onset  cf  apprec¬ 
iable  contact  s,esista»c®. 


$a  Hg.  8-0  are  to  snoosjting  details  and 
-:-L"aaBiic&@  cf  son®  of  the  more  frequently 


esed  chopper  types.  -Basically,  two  cSassJffi** 
cations  exist:  one  type  merely  plugs  into  it 
ccat'satiooal  tubs  socket:  to  second  is  mounted! 
fey  metallic  straps  or  collars,  aad  secured  to 
the  elsasssa  with  ant  m&  feolt  assemblies. 

Sceteet  Ccasecffoas.  Mug-ia  choppers  mate 
directly  with,  the  specified  tubs  socket  Other 
choppers  employ  solder  Iwgo  with  openings  for 
tfes  attachment  of  necessary  lead  wires.  Where 
isolaiiea  between  input  and  output  is  import¬ 
ant,  tbs  contact  leads  am  brought  end  of  th® 
shoppes*  case  at  the  bottoms  while  ifes  d»vtve- 
coil  leads  salt  at  the  top. 

Soefeet- connections  are  generally  printed  os 
tbs  top  of  the  choppers.  A  variety  of  con¬ 
nections  is  illustrated  in  Fig.  6-9,  which 
cohere  th©  two  types  of  bases,  ?-plnoilniatuxN9 
sad  cstaL 

Types  of  Choppers  Available 


Stoirofaeturers  can  supply,  as  stock  items, 
eheppers  designed  to  operate  at  practically  any 
frequency  from  15  to  1800  epa  and  from  6  to 
;.2S  volts.  Common  frequencies  are  60,  40C, 
and  SOD  eps;  typical  voltages  are  6,  13, 18,  2 6„ 
mi  120.  A  epical  120-volt,  480-cycle  chopper 
will  consume  approximately  1  watt  of  drive 
£)©«?©?.  A  typical  6.3-volt,  60-cycle  unit  re¬ 
quires  S0  ma  current.  Characteristics  of 
typical  cStcppore  arc  given  ia  Table  6-1.  lo 
general,  ebonporo  woif'h  from  one  to  several 
maces, 

JSimHCNMKMTAL  CONS©SIUTION8 

Cixwsaro  arc  influenced  by  external  o a- 
virenmen,.'!!  conditions  to  an  extent  that  is 
saeawurablo.  These  environmental  conditions 
arc  specifically  temperature,  Srequency,  volt¬ 
age,  shock,  vibration,  humidity,  corrosion,  at¬ 
mospheric  preenure,  and  aging.  Phase  eng?© 
a®d  dwell  time  are  the  parameters  most  af¬ 
fected.  Balance  and  noloe  change  only  slightly, 
if  at  all,  a,,  the  chang..,  usually  can  be 
neglected.  Since  most  choppers  are  hermeti¬ 
cally  sealed,  salt  spray  and  altitude-  have  a 
greater  effect  on  the  socket  than  on  tho  chop¬ 
per. 

Variation  lr>  Driving  Frequency 


A  40O--cyc3e  chopper  Ss  usually  designed  to 
operate  between  380  and  420  cpc.  Figure  0-10 
shows  typical  phase  angle,  dwell  tiros,  and 
balance  changes  ovor  a  frequency  range  of 
360  to  440  cpg.  It  will  bo  noted  that  tho  phasa 
angle  between  tho  driving  voltage  slno  wave 
and  tbs  chopper  contacts  increases  as  fro- 
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Fig.  6- 11.  Pirns®  angle  variation  with  frequency 
with  use  of  external  phasing  network,  !15-roIt 
'iOO-cpa  choppor. 

taken  with  6.3  voUs,  400  cps  applied  to  the 
driva  coiL  The  dotted  lines  indicate  maximum 
and  minimum  values  of  the  f-'npla  lot  co- 
lected. 

Variation  In  Drive  Voltag® 

Variations  in  applied  driving  voltage  will 
cause  changas  in  piut,„  angle,  dwell  iljno,  and 
balance.  Typical  mesrmrr.mentE  aro  shown  In 
rig.  6-13. 

Distribution  of  Phago  /ingle  Ova? 

1 ?  roduc  U  on  Lot  s 


at  random.  Figure  8-14  illustrates  fee  sasao- 
ured  phase  angle  with  6.3  volts,  4S0  cycles 
applied  Figure  6-15  shows  the  measured 
phase  angle  of  th®  same  group  but  nsSstiJ  tht 
phasing  network  shown  in  Fig.  6-10  to  gas- 
mit  operation  at  aero  phase  angle,  115  wits, 
400  cps. 

Variations  with  Aging 

Life  tests  of  typical  choppers  under  normal 
specified  conditions  indicate  that  the  ctasgs  in- 
phase  angle  up  to  3000  hours  would  ba  less 
than  ±5  degrees  and  that  the  chaag©  la  dwell 
time  would  be  slightly  greater. 
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Pig.  9-13.  Effect  on  balance,  phase  angle,  and 
dwell  time  of  variation  in  (trim  voltage  lev®?. 


The  distribution  of  phase  ougle  with  pro¬ 
duction  lots  introduces  a  variable  to  be  con¬ 
sidered  try  the  equipment  design  engineer. 
Figures  6-H  and  6-15  attempt  to  give  some 
idea  of  the  variations  that  can  bo  expected 
from  a  production  lot  of  100  choppsro  selected 
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Electrical  Characteristics 

The  current  commercial  market  supplies 
stock  choppers  constructed  to  withstand”  tests 
of  at  least  200  volts  rms  from  ceatscts  to  the 
case  and  from  tiro  coil  to  the  cam.  Typically, 
inaulation  resistance  is  higher  than  100  meg¬ 
ohms  from  thy  contacts  to  the  ca.-.m  and  higher 
than  10  megohms  from  the  coil  to  the  csssa. 

Temperature  Ratings 

In  general,  manufacturers  rate  their  chop¬ 
pers  to  operate  within  the  range  of  approxi¬ 
mately  -55  to  85  C,  although  some  are  stated 
in  perform  satisfactorily  down  to  -65  C  and  up 
to  125  C.  A  particular  unit  has  a  phase  angle 
of  75  negroes  at.  -65  C  and  approximately  64 
degrees  at  130  C  with  value-?  very  done  to 
65  degrees  over  the  range  of  0  to  S5  C. 

One  manufacturer  states/  “although  a  tem¬ 
perature  gradient  along  the  reed  ....  In  ex-  ' 
ceas  of  1  deg  F  tvouid  generate  a  manimura  of 
approximately  10  microvolts  stray  emf  pick¬ 
up,  tbs  existence  of  such  a  gradient  la  min-- 
itulsed  by  tho  use  of  high  thermal  conductance 
for  the  rood  assembly." 
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order,  ctmgpero  are  atrailaMo 
for  unusual  tssaperstare  ccMWloas  of  short- 
&ae  ©jt  extended  opsrafte. . 

'blbraKoa  aM  Skeefe  i®sg&E&E@£? 

'S'/itlimii  dsteriorstiea  of  waveform,  steels 
items  wilt  witSiatand  ®ste®dsd  vibration  to  10 
g  from  10  to  55  cps  and  are  constructed  to 
withstand  repeated  chocks  of  30  g  in  any 
direction  for  11  millisscoads.  Mors  recent 
miniature  unite  operate  raid sir  vibrations  up 
to  30  g  at  5  to  2500  qia  and  withstand  100-g 
feap&cte  along  all  principal  shsh. 

Atmospheric  Environments 

Hermetically  coaled  eliappars,  often  in  dry 
nitrogen,  will  operate  at  any  altitude  up  to 
50,000  feel  Most  ©I  titans  are  treated  and 
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Fig,  3-14,  Oistributios  of  pbags  angle  in  a 
typical  production  lot  oS  a  0.3 -volt,  400-cycle 
e&appftr. 


painted  to  withstand  salt  spray  and  high  hu~ 
aiidlty  unlses  condensation  occurs  around  ths 
socket  "Id a, 

APPLICATION  CONBIDK  RATIONS 

In  many  applications,  a  prime  source  of 
trouble  arises  from  tho  vss  ofeotoglo chopper 
to  perform  tho  functions  of  modulation  andds- 
modulation.  This  coo  roc  to  occur  because  tire 
output  la  brought  to  tho  aaroe  tuba  socket  as  tho 
input.  One  cure  la  tho  uoe  of  a  ni  ake- before - 
break  chopper  ®o  that  jst  least  one  end  of  the 
amplifier  la  grounded  at  any  given  instant.  If 
ouch  a  chopper  Jitters,  or  tho  contacts  wear 
so  that  it  losae  its  phoning  action,  tho  circuit 
ia  abruptly  dioablcd  by  Internal  oscillation- 

H  too  chopper  fits  in  a  reptol  eocket,  ground¬ 
ing  the  center  bnyonot  of  tiro  eo-cKet  and  using 
"oisiclded  lead..  helps  considerably  sinco  snort 
c 1  tfco  coupling  capacitance  resides  to  tho  tuba 


PHASE  AMPLE,  BE&REES 


Fig.  0-15.  Biatrlbution  of  phase  angle  in  pro¬ 
duction  lots;  115-volt,  400-cyclc  chopper  types, 
tssisig  external  phaaing  network 


socket  itself.  Rolling  off  the  response  of  tho 
a-e  amplifier  Just  abc^e  the  carrlerfrcqusucy 
by  adding  ohimi  capacitance  also 

M  gains  above  SO, 000  are mc@os& :  j,  th®  ree™  " 
©Hsmondatton  is  to  use  two  separate  choppers, 
©ns  for  modulation  and  one  for  or-modulntlom 
While  tliia  may  eesm  oxtra^sj.r.nt,  it  is  gos- 
errally  foatflblo  on  the  basis  that  d-c  amjpiS- 
Sera  eatdom  cosne  singly.  Mnsy  applications 
respslre  multichannel  recorcting  (operation!?! 
amplifiers  usually  come  to  pairs)  so  that  of¬ 
ten  ons  chopper  can  Modulate  the  input  to  hr© 
amplifiers  and  tho  othsr  demodulate  both  oaf- 
pals,  thus  praaorvin,;  the  ratio  of  on©  chopper 
per  amplifier, 

mms  -  — . 

Becauea  choppers  ar«  very  often  employes 
la  null  circuits,  it  is  most  important  that  they 
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prsdueo  BtSJs  Bides  of  pics  up  little  es° 
temeous  noIes-CesHBes’ci&lly  procurable  units 
are  cSsgsrlbsfiliy-ShamanufacturGrsaffiSmuSfig 
uslce  of  tfeo  cafes*  of  a  few  millivolts  across  • 
1/2  to  H  saegute)  fro®  contact  togroMBshSexae- 
units  prsdwce  as  11441®  so  a  few  sale  revolts,, 
©as  ©lit  to  stsssri&sd  so  having  a  stray  else- 
toogtatie  jpk&sg>  cl  2  x  IO"10  volts  per  ohm  of 
Input  circuit  to^Sance  and  an  eloctromagnetic 
plcteggs  c?  3  »  S©*6  volts. 

A  diseuostea  of  the  noise  problem  is  given 
below  as  it  &sms  the  basis  of  an  understand¬ 
ing  tfca  g'-ifeeiples  of  chopper  action  and 
will  eeaMs  St3  m®v  to  understand  their 
proper  applied®. 


®S  No!  go 


Ab  ideal  tw®£&  would  be  intrinsically  noSss- 
fjree.  Such  opefsttoa,  however,  is  impossible 
to  attain  trim  a  Slavic©  that  possesses  physical 
saass  and  tSsdt  initiates  and  terminates  tha 
flow  of  elaeteis  current  in  a  rapid  manner  by 
means  of  fioasasto.  Tha  output  ao  ehovminFig. 
6-1?  eas  gcassally  be  used  to  discuss  tho 
notes  prt&lam,  R  shows  a  moving  contact 
alternatively  ©aaascting  an  amplifier  grid  to  a 
source  of  velte.go  and  than  to  ground  potential. 
The  unuood  ©aslact  to  tills  diagram  may  bo 
employed  to  fessmluMe  tlie  amplifier  output 
os’  to  modulate  saothsr  amplifier  input. 

Chopper  cotes  is  of  two  gonor.il  iypee,  elec¬ 
trostatic  ami  eSoetromagnotic. 

Slectrostatie  Kolso,  For  the  present  pur¬ 
pose,  dJecusstoa  of  electrostatic  noise  Is  lim¬ 
ited  to  pictep  from  tho  driving  coil  of  tho 
choppy s*.  In  Hg-  6- 18 (A),  C)  and  Cs  aro  stray 
capacitances  fees a  either  ond  of  tiio  coll  toone 
of  tho  fixed  ©sE.ltacts.  Thl 3  circuit  is  redraws 


Fi».  6-F7.  Ciriiit  uadsrgoing  evaluation  tor 
col  so  compeamis. 
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Fig.  0-18.  (A)  Circuit  of  Fig.  8-1?  redrawn  to 
include  stray  coil  capacitances  and  coil  balance 
to  ground.  (B)  Redraws  In  bridge  form  with 
lumped  resistancea.  (C)  Simplified  equivalent 
circuit  with  oxprosclon  for  noise  appearing  ©a 
tube  control  grid. 


In  Fig.  6-18(B)  to  bridge  form  with  Rs  and 
Rs  lumped  in  parallel  and  assuming  negligible 
source  impedance.  In  practlco,  tho  reactance 
of  Ci  and  C-  is  very  high  compared  to  Rj  and 
R3.  When  Rj  and  R«  aro  in  the  same  ratio  ao 
Ci  and  Cf ,  the  effects  of  tho  two  capacitances 
aro  equal  and  opposite  so  that  a  null  esista 
Tho  actual  noieo  appearing  on  tho  grid  of  the 
amplifier,  e0?  is  given  to  Fig.  6- 18(C)  Be¬ 
cause  H,  •*■  R|>  R0,  the  constant  yaluo  of  the 
potentiometer  across  tho  coil,  It  is  convenient 
to  choose  il i / R  3  so  the  ’independent  variable 
and  to  study  tho  noig-o  as  a  function  of  tide 
variable.  Tho  grid  noise  voltage,  o„,  is  linear 
with  rasped  to  R,/R0  and  lo  proportional  to 
rtth  bridge  balance  at  B  j  C ,  »  R3Cj.. 

Tho  cones  plotted  In  Fig.  6-19  show  ths 
a-tverso  behavior  of  s0  away  from  null.  Curves 
1  and  2  are  tho  results  of  stray  pickup  be¬ 
tween  pine  3,  4,  and  0  in  a  ceramic  septal 
tuba  socket  alone  without  the  chopper  plugged 
in.  Tho  points  for  Curve  1  won?  plotted  without 


OhsarMag  andl  evalisattaft  ffls  sheets  of  tMs 
slectraatatie  aoiso  ca  tin  ©&p«t  provMsa 
signffteastf.  taforaaailoa  aibasi  ^jjosneaa  bo- 
jsoei&i.ed  with  chopper  opsraiiM.  Ths  sssSoe  to 
flimisoidssl  sad  operative-  timing  tae  half  cysl* 
ifce  grid  to  sngrmaKiad.  Ia  'fSjj.  S-81{AJi  tfi® 
waveform  is  shown  an«l  d@sairEjs6  maiy&ssMg. 
with  e  fostag  the  angle  &y  wtfeii  o0  leads  t&# 
contacts.  For  a  sJ-c  euspat  it  fej  aoaaaedl  that 
perfect  clamping  exists  so  fet  the  iajjmi  d-e 
ecatent  appears  intact  alter  sSeacc&sMtoo, 

Tha  phacs  relaSoasMp^  far  a  typical  cSw^s-  ' 
per  with  a  phase  angle  of  ©5  degrees.  am 
shown  in  Mg.  S-2i{B).  Gbcsrratton  indicate* 
the  desiraMUty  of  a  aero  phase  angle  chopper 
girsee  at  i  -■  00  degrees,  the  level  vanlshe* 
fittdS  the  fundamental  of  tfea  ssaioa  is  in  quatei- 
turo  with  the  contact®  and  waoM,  therefore^ 
contribute  eo  to  roue  toatwo-p£ase  motor  Sc&dL 
Unfortunately,,  sero  phase  asgte  ie  fatrinsl- 
cally  imj^ossiMo  la  a  medsarical  chopper. 
However,  the  offset  dt  zero  p tease  is  aeMevsi 
by  designing  tits  chopper  to  teas®  a  phase  migto 
at  180  degrees.  .Reversl’’'7  ths  fin  eoaesetlon® 
then  adds  another  100=ds.  ss  phag®  shiSt  wilk 
a  resultant  apparent  zero  pfears  EMR-Usualy,, 
tha  chopper  is  designed  for  as  email  a  phas* 
angle  m  is  «o»'M£^et>twithoilierii'e^»iroEaGsi4a, 

It  should  he  pointed  (n't  Shsf  for  vo ry  lm/ 
noise  levels,  &  simple  coleSas  lo  to  employ  * 
chopper  r/feoso  coil  leads  nrs  ecassnetod  cist  toe 
top  of  tlKS  case.  This  destroy®,  to  @o:::o  ex¬ 
tent,  the  facility  of  a  piug-in  arrangwaeRt  bag 
ha*  the  advantage  of  ehmiriatiR.g  pickupaisiftst 
entirely,  Measurements  oa  tha®  type  c£  chopper 
result  in  vsluec  of  o,  barely  d&esornibSfl  into* 
amplifier  background  noise. 


Excessive  wider  flux  and  tho  hygroscopic 
behavior  of  ungliur.ed  ceramics  can  complicate 
the  foregoing  analysis  by  establishing  leakage 
paths  across  tho  tube  socket,  R,  and  ia 
Fig.  6-20.  This  not  only  Increases  she  noiss 
pickup  but  in  general  results  in  a  bridge  that 
cannot  lm  nulled.  At  -500  cycles  the  reactance 
of  (10  8  nif)  (Cj  +  C8)  Is  very  high  so  that 
tho  inautatScn  resistances  R;  and  R t  must  bo 
kept  high.  Teflon  tubs  sockets  help. 

In  applications  where  noise  and  amplifier 
offset  are  critical,  It  is  helpful  to  operate 
the  chopper  at  a  frequency  differing  from  that 
of  the  in  ..in  power  source,  for  example,  a4C0- 
cycle  chopper  In  a  circuit  powered  by  a  60- 
cycle  Bourco  or  vlco  versa,  so  that  plate 
supply  hum  and  filament  pickup  cannot  bo  coo- 
verted  to  offsets  of  either  d-c  or  fundamental 
chopper  frequency. 


Fig.  0  - i'v.  Addition  ©f  losing®  P*ths  (5^  sr4 
Ra)  to  clreal!  of  civ. 


S.  Unstiteided  eisramie  coptsl  A4S5  , 
tube  socket  stem  fi  ■  | 

Pins  3,  4  to  S,  4000.  |  j 

2.  Shielded  socket  along  |  A 

3.  Shielded  ssciiet  plus  |  f\ 

§•  eiwppsr  I  /  t 

g  4.  Shielded  socket  plus  1/  f 
q  chopper  with  ultimate ;/  a 

i-  shielding  •  A  j 


/  |I20- 
f  100 


0.2  0.4  /0.S 

0|  0.1  0,3  /05  i 


Fig.  6-19.  Variation  of  o„  for  osvoral  typos  of 
dsisldiiyj. 


shielding  tho  chopper  or  toads.  Tide  is  ths 
worct  possible  case.  Curve  2  illustrates  the 
condition  with  able  Mod  leads  and  tho  bayonet 
grounded  (ths  biggest  single  improvement). 
Curve  3  shows  the  effects  of  added  capacitance 
resulting  from  plugging  a  chopper  into  this 
oiiieided  socket  while  Curve  4  represents  a 
lab  ratory  doctored  version  of  tho  same  chop¬ 
per  to  oliow  tha  limits  of  extravagant  internal 
shielding.  For  Curve  4,  only  6  percent  of  tho 
pickup  is  contributed  by  the  chopper. 


(?* 
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'sir*' 


£> E  Coil  voltage 
(?0*  Pickup  fo  grid 
is «  Contact  wolio^e 
$  «  Chopper  phsse  engte 

(8) 

Pig.  fl-2l.  (A)  Effocta  of  electrostatic  aeisacs 
signal  output.  (B)  Phase  relationship  lor  typical 
chopper  with  phaoo  angle  of  05  degrees. 


Electromagnetic  Nolso.  During the half cycle 
the  grid  TSoo  KgTIPSS \k ) )  ia  grounded,  mag¬ 
netic  lines  of  force  from  the  driving  coil  In¬ 
tercept  the  loop  go  formed  and  gcasrale  a 
voltage  across  RK.  Within  tho  chopper  ease,  She 
magnetic  field  from  tho  coil  Intercept*  this 
loop  and  generator)  a  einuccrldfil  ijo-ise  eK  62 
fundamental  frequency  as  shown  in  Fig.  8-22 
(B),  Tho  magnitude  of  thin  nolso  is  ca  the  or¬ 
der  of  10  to  100  microvolts  peak- to- peaS  de¬ 
pending  on  tho  chopper's  Internal irrrrjrgamerft 
and  magnetic  shielding.  This  nolso  can  mtt 
easily  bo  balanced  out,  but  various  mesne  can 
bo  dovisod  whereby  a  single  turn  tv  ora  a  con¬ 
ductor  carrying  the  coU  current  and  the  of¬ 
fending  loop  can  bo  juxtaposltioned  iti  canted 
the  total  loop  flux.  Thlo  method  is  irsitfesr  e«j- 
slstent  nor  too  practical. 

It  Is  vflec  to  connect  the  chopper  greeted 
lead  directly  to  tho  point  where  ihc  flrri 
amplifier  etago  cathodo  bins  reslrtor  S© 
grounded,  running  this  chopper  land  ckwa  to 
the  grid  lead  to  keep  tho  area  of  the  loop 
small  and  free  from  external  magnetic  fields. 
Grounding  the  chassis  at  distant  points  io  net 
advisable  L?  low  naleo  la  Important.  Thlo 
nolge  Is  sinusoidal  and  occurs  during  the  hall 
ryclo  that  tho  grid  lo  grounded  so  that  Fig. 
0-21  (A)  applies.  Tho  magnetic  notes  en  ic  La 
quadrature  v/lth  tho  coll  currant  and  so  de¬ 
pendent  on  the  mechanical  phase  lug  of  the 


chopper.  Fertaastely  to  etoeSrcsicJie  as>$  to© 
electromagnetic  note®  ©aa  fee  imada  to  enseal 
each  other.  This  musi  usually  bo  doss  fey 
deliberately  introducing  a0  sM  adjtu&ng  the 
coil  potoattoiaeter  until  tfa®  22dto  snstspi  to 
sera.  Sines  e0  and  ®ra.ar©  feslla  linear  to  &t 
variations  in  coil  voltage  will  not  upset  Mia 
setting;  and  nines  they  ms  Snei  gdiygleal 
constants,  thera  will  be  aa  dr!$t  x?l&  tim®. 

Investigation  d  electrostatic  ar.d  eleeteto- 
magnetic  notes  phenomena  may  tea  aided 
through  ths  ucs  of  tfe®  circuit  of  Fig, 
which  permits  biasing  ths  road  to  on®  ticks  m 
mother  with  direct  current  uMIs  a-c  a* cita¬ 
tion  is  present;  the  resulting  Iscteiioa  tea- 
ables  one  to  make  individual  measurement  of 
tho  o  c,  and  e0  aolss  components.  Caution  roust 
be  observed  to  avoid  overloading  top  coil 
with  d-c  correct. 

Static  Id  eld  Noise  {Splko  Hdtggi).  la  FSg, 
8-24 TKf,  a  meiaincTjody  A  fs  ofcowa  moving 
away  from  a  pcsitiveiy  charged  body.  Tito 
electrostatic  field  readjusts  ileal!  in  ttas  e$ 
that  fewer  lines  terminate  os  A  but  go  luetosi 
to  ground.  This  requires  poaSfiva  charges  to 
flov?  from  groastl  to  A  to  nct&ralto®  M»  643- 
creasing  electrostatically  induced  negative 
chargo.  Ths  result  la  a  voltsgo  tedaced  across 
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Flip  8-13-  Recommended  circuit  for  measure¬ 
ment  of  individual  noise  components. 


R  duo  to  tbs  mechanical  motion  of  a  conductor 
in  an  electrostatic  field.  This  fact  can  explain 
a  large  number  of  noise  phenomena  where 
mechanical  motion  la  involved. 

For  example,  mechanical  motion  will  induce 
frictional  static  electricity  in  a  largo  numbar 
of  dielectric  materials.  Note  in  Fig.  6-24  that 
relative  motion  of  any  one  body  (A,  >Q,  or 
ground)  with  respect  to  the  other  two  is  suf¬ 
ficient.  Aii  insulated  load  wire,  for  example, 
vibrating  against  a  ground  plate  t/ill  generate 
noise  in  the  wire,  the  insulation  supplying  the 
static  electricity  and  the  wire  raid  insulation 
supplying  tho  needed  mechanical  v  oiion  rel¬ 
ative  to  ground.  For  this  reason,  caro  must  be 
exercised  in  choosing  insulating  ma.  /rials  for 
lead  wire  jackets,  spacers,  and  chock  mounting. 
Glass,  Teflon,  and  silicon  are  only  a  few  In¬ 
sulators  that  show  surprising  ability  to  pick 
up  and  retain  large  amounts  of  frictiomfily  In¬ 
dexed  static  electricity. 

Spike  noise  is  occasionally  observed  in 
wme  choppers  and  is  characterised  byaputee 
of  twice  occurring  just  as  tho  contacts  break. 
This  pulao  has  a  very  sharp  rise-time,  fol¬ 
lowed  by  an  exponential  decay  as  shown  in 
Fig.  6-24(13).  Investigation  has  ohovm  this  to 
bo  merely  another  form  of  static  field  noise. 
A  microscopic  quantity  of  insulating  material 
between  the  contacts  themselves  supplies  the 
minute  but  sufficient  static  field  while  the 
contacts,  in  the  act  e-f  separating,  supply  the 
necessary  relative  motion.  The  spikes  always 
occur  in  pairs  of  oppooite  polarity  (one  for 
closiii..  contacts,  another  for  opening)  and  so 
contain  little  d-c  and  only  high  harmc-nic  s-c 
content. 

Cable  Noise.  Shielded  cables  used  on  or 
near  a  -heppev  may  receive  mechanical  vi¬ 


brations  and  thereby  pickup  induced  notes 
voltages  in  the  same  manner  (feat  static  field 
noise  is  generated.  Essentially,  this  noise  is 
static  field,  noise  and  is  mentioned  here  for 
reference;  however,  tills  common  source  cl 
trouble  to  hlgh-impedance  circuits  has  bees 
eliminated  through  work  done  by  the  National 
Bureau  cl  Standards  (e°c  NBS  Technical  Re¬ 
port  1645).  Noise-free  cable  is  now  com¬ 
mercially  available  from  a  number  of  wirs 
manufacturer*. 

•fnverae  Leakage.  Another  nclee  problem 
occurs  as  foliowsT  Refer  once  more  to  Fig.. 
6- 17  and  assume  that  capacitor  C  has  a  leak- 
ago  resistance  Rc  across  it,  which  is  per¬ 
iodically  shunted  across  Rg  by  tho  chopper 
contact  action.  E  the  tube  is  drawing  grid 
current,  the  grid  will  appear  as  a  constant 
current  source.  Let  tills  current  be  arbitrarily 
assumed  to  be  1  microampere,  Rg  to  be  J 
megohm  and  Rc  to  bo  100  megohms.  Tho  vol¬ 
tage  across  Rs  varies  between  l.COOO  am! 
O.t'880  volte  as  it  ia  successively  shunted  by 
Rc.  This  is  equivalent  to  1  millivolt  of  isdes 


(8) 

f  ,  .  9-2S-  (A)  Generation  oi  st-tic  fiaM  nole«. 
(B)  !^>!kr  is>l»e  gcncraUvi  6y  contact  break 
acifcw.. 
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Tig.  8-2®-  Chop?®*  «ff**age8JW«t  for  taodw- 
UUou  v-‘ ; : 3$&daii  sw. 


at  the  input.  There-  are  two  apparent  eoSuttes 
to  thle  problem:  (1)  Operate  tha  tube  «it& 
cathode  biasing  at  the  grid  current  crossover 
point.  {"85  volts  dc  for  12AX7)  to  limit  tfes 
current  and  (2)  use  a  hlgh-Q  ca  ./acitor  goefcge 
a  mica  dielectric  capacitor  that  will  be  rsl- 
lively  free  of  body  leakage  pains. 

fe'licrophonlca.  Since  the  reed  in  a  chopper 
is~oT  finite  mans,  all  choppers  initial®  gas* 
chanical  vibrations  to  some  degree  during 
operation.  These  vibrations  maybe  propagated 
through  the  structure  of  tha  chasste  or,  by 
moans  of  support  members,  to  low-level, 
high-gain  amplifier  tubes.  Complete  correc¬ 
tion  may  require  complex  mechanical  daslgn 
analysis  boyend  the  scope  of  the  equipment 
design  engineer.  Acceptable  measures  of  suc¬ 
cess  may  be  had  by  employing  ruggediied 
tubas,  preferably  tric-des.  If  it  Is  possible,  the 
input  stage  ehould  not  be  placed  directly  ad¬ 
jacent  to  tha  chopper  location.  An  effort 
should  be  made  to  avoid  the  use  of  very  light 
gauge  chassis  metal  that  can  develop  and 
cuetain  sympathetic  mechanical  etzaSleg 
waves.  Tho  chassis  itself,  especially  if  fairly 
fltnall  in  mass  such  ns  a  strip  chase  in,  should 
be  llrmly  mounted  to  tha  more  massive  sec¬ 
tion,*  of  tho  apparatus.  Rubber  grommets,  aued 
.TpeclflcaUy  as  vibration  insulators,  should  fe© 
u?«'/d  with  caution  ae  they  often  m aka  tbs 
situation  worse.  Fortunatoly,  microphcnies 
seldom  are  a  major  problem  and,  with,  a  few 
precautions,  are  rarely  carious  enough  to 
c&ueo  noticeable  offset. 

OsclLlasicsas  Duo  To  Chopper  Coupling 

The  circuit  of  fig.  8-25  e’nov/a  a  chopper- 
wnpllfler  combination  in  which  a  brsak-be- 
Saro-raaha  chopper  dsmodulsdea  ite  own  out¬ 
put.  During  the  switching  time  of  the  chopper, 
the  amplifier  Is  floating  and  tho  stray  eapa- 
cliaa-cs  Cj  may  causa  oscillations.  If  the 
feedback  i«  regenerative,  high-frequeney  o®- 
ciliatio-na  result.  A  good  deal  cf  rwr-ncltor  Cs 
can  be  removed  in  effect  by  careful  shielding 
at  tha  tube  socket  At.  voltage  grain.®  above 
30,000,  lltUe  more  can  bo  done  circuit-wls®. 
If  the  feedback  is  degenerative,  low-end  ptase 
shift  may  cause  low- frequency  oscillation 
which,  in  tuns,  causes  tha  output  to  pwisata. 


be  sought  £roca  tfe-a  eiaas^pohst  o£  saving  time 
and  effort  as  well  as  from  tfeo  (standpoint  ci 
getting  tfc®  beuatES  of  fflss  fiMwofeeturer’s  ax- 
periace?. 


Tfeo  only  enrixat  military  cjrccifieatioa  Is 
MXL~C“4850(U3AF}  ci  33  Juno  1655;  but  as 
this  was  feeing  rewtM m  as  of  mid- 1057,  tha 
requiremaris  i mjmfA  by  if  we  set  included 
here, 

CHOPPER  APPUCATfSivS 

Two  bread  cluisiflcs&eae  into  which  most 
cfewroor  P.r-pUcaiiarm  fall  are  (1)  reconciling 
d-c  information  with  a-c  information  and  (2) 
amplifying  d-c  glgaal*.  Servo  modulators  ara 
an  enamel*  oS  tbs  first  class  of  application. 
Direct  cumwtr  '.a®  potentiometers  are  »uj«d 
in  follow?  loops  because  of  the  simplicity  of 
d-c  lead  awi  lag  netwrUa.  The  d-c  signal  la 
ti»a  chopped  to  provide  a  signal  si  the  power 
supply  fraqs-socy  to  furnish  power  to  &  eplit- 
pfess-a  EJfftoS-. 

Tharmocooplo  smptiflsra  are  sa  example 
oi  tho  second  clam?  of  application.  The  direct 
current  from  a  iharsaocoeplG  its  e hopped.  This 
chopped  cigaal  is  then  amplified  in  a  ecu?’ 
TOniionai  transformer,  or  capacitor,  coupled 
amnUfior.  The  amplifier  output  la  rectified 
to  produce  a  d-c  elgnal  that  is  an  amplified 
replica  ci  the  thon'scsxR^ils  currant. 


sPKcmcA'mm 


CHOPPER  TESTING 

From  tits  foregoing  dlecnaoion  cS  mies, 
feedback,  and  mterophordea,  It  Is  clear  that 
the  design  engineer  should  make  certain  tbsi 
the  unit  bp  selocta  w‘  11  perform  in  tb-s  c. Ire  •'ait 
and  for  the  application  intended.  In  any  isiasua! 
situation  tha  advice  of  the raaimf actura r  slxvel.d 


Whore  low-level  d-c  signal®  must  be  am¬ 
plified,  carefully  adjusted  tubs  amplifiers  will 
have  a  sensitivity  o$  about  10  microvolts.  Wall 
balanced  magnetic  amplifiers  can  provlda 
Jong-term  el  ability  «3der  varying  environmen  ¬ 
tal  conditions  dersea  fca  abend  5  si  Ic  revolt  3, 
bc£  low-iMjlea  iuetiX mmt- type  choppers  will 
yur ovtck;  »  s-easStivity  do.sn  to  1  microvolt. 


>  ’tVvW’,‘.  Vy^p’trv  V*  \  ^  \ 
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In  thin  application  the  lew- level  d-c  signal 
is  chopped  and  passed  to  an  amplifier  wher® 
the  amplitude  is  brought  to  tfca  desired  level. 
The  amplifier  output  is  fed  to  cyischrononaiy 
operated  contacts  on  the  chopper,  which  rates 
the  (signal  to  Ma  original  form.  By  accurate 
preservation  el  waveform  in  fee  amplifier, 
Offner  reports  tliat  signal  components  beyond 
70  ■  percent  of  the  chopper  frequency  can  be 
faithfully  reproduced.  (1) 

Full-Wave  Modulator 

The  circuit  of  Fig,  9-28  is  frequently  used 
to  obtain  full-wave  modulation  of  a  d-c  signal. 
When  it  is  desired  to  obtain  an  amplified  volt¬ 
age  from  a  low-impedance  source,  such  as  a 
thermocouple,  this  circuit  is  cstremely  use¬ 
ful.  The  addition  of  a  capacitor  across  tha 
transformer  will  aid  in  avoiding  inductive 
Burges  coincident  with  contact  opening  and 
may  be  used  In  many  ways  to  modify  the  out¬ 
put  waveform,  ft  will  be  noted  that  this  circuit 
resembles  that  used  In  vibrator  techniques.  If 
appreciable  power  ia  to  be  handled,  vibrator 
and  noi  chopper  techniques  should  be  applied. 


FI#.  6-tS.  Ooipper  used  ia  full-wove  eyndir®- 
E SSC  d*SS6dul'3tiO». 


level,  transferring  the  information  to  ^ctfear 

ampiifiar. 

ftampiteg  or  Tiaa-ifearlng  Device 

Figure  S-2©  Is  a  ttaae-sharing  device  that 
permits  two  sets  of  information  signals  totes  In¬ 
troduced  to  a  common  amplifier .  ByEtferoaems 
operation  of  two  choppers  is  practical,  ®v-sa 
when  the  variable*  of  temperature  sssfi  fira- 
quency  are  introduced. 


Demodulator 


Full-wavo  synchronous  demodulation  is  fre¬ 
quently  desired  and  one  form  cl  circuit  that 
performs  this  function  ia  shown  is  Fig.  9-27. 
The  phase  shift  device  eetateltohea  the  desired 
phase  relationehlp  between  tha  signal  voltage 
and  tha  c.hoppav  contact*.  This  circuit  di fi¬ 
eri  mlnstas  against  out- of -pjvr-.se  signal  com¬ 
ponents. 

Transfer  Device 


Figure  9-28  is  a  simple  chopper  application 
used  to  ssasnplc  the  value  of  ae  existing  d-c 


Fig.  8-J3.  Cifjpper  for  use  in  s  fuli -wave  modu¬ 
lation  circuit. 


Mcduladoa  and  Demodulation 


The  combination  of  modulation  and  deosoda- 
la^.-s  Ssa  one  chopper  io  accomplished  ia  fig. 
6-20.  The  uppor  frequency  limit  io  chatd  half 
tbs  chopper  drivlr-g  frequency.  Thera  is  ato-ats 
oi  signal  level  from  half- wave  d8mo&ls.fdon. 
During  too  off-tlmo  of  the  chopper  ttene  is  a 
possibility  o 1  oscillation,  which  is  heightened 
when  tha  amplifier  gain  is  high  and  tha  iejmi- 
ouiput  polsurlitos  are  in  phase.  Such  oicUlsliaj) 
is  due  to  capacitive  feedback  batwe-en  fsipu£ 
and  cast  put  and  can  be  easily  avoided  by  easing 
this  feedback  degenerative  or  by  tiso  isse  06 
tw  chopper o.  Such  an  application  is  ahovro  in 
Fig.  6-31.  In  a  chopper  ainpitfier,  too  nppar 
limit  e?  frequency  responds  io  soma  traction 


Fig.  8-23.  Siag«-to-E-l3i;s  transfer  cf  r^sal 
try  etoppar. 
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Fig.  8-29.  Coinmoo  aiapii.';?r  samples  too  ta— 
puts  and  supplies  two  otijmto  through  usa 
of  rticppar. 


Fig,  8-30.  Combining  modulation  and  demodu¬ 
lation  In  one  chopper. 


o?  the  chopper  frequency.  Banco,  osio  simple 
way  of  preventing  oscillation  is  to  limit  tfao 
rospones  of  the  a-c  amplifier. 

Multiple  Use  of  Choppore 


The  ubo  of  two  choppers,  an  in  Fig.  8- SI, 
h&o  particular  utility  when  more  than  on® 
amplifier  is  used.  This  la  a  frequent  occurrence 
with  d-c  amplifiers  used  for  computing,  ta 
which  eight  or  ton  channela  may  be  used,  re¬ 
quiring  an  individual  amplifier  for  each  chan¬ 
nel.  Another  method  of  using  two  choppers  is 
Illustrated  in  Fig.  0-32.  The  two  choppers 
are  100  degrees  out  of  phapo  to  provldo  recti¬ 
fication  of  the  output  during  tire  off-timo  oitho 
input  circuit  chopper. 

Stabilized  D-C  Amplifiers 

To  obtai n  high-speed  servo  action,  a  d-s 
amplifier  passing  a  signal  band  that  extends 
from  some  high  frequency  down  to  and  includ¬ 
ing  dire  ;  current  la  required.  Thin  In  ?.c- 
cor'pllahed  by  using  a  chopper  amplifier  to 
stabilize  the  gain  and  drift  of  a  direct-coupled 


amplifier,  as  shown  in  Fig.  8-33.  Tha  chopper 
periodically  ground*)  ihs  input,  of  the  amplifier 
to  provide  a  zero  reference  level.  The  Other 
contact  of  the  chopper  reinserts  the  aero 
level  at  the  osrtput  by  grounding  the  output 
periodically  sad  180  degrees  out  of  phase  with 
the  input.  Applications  In  this  general  area  are 
found  which  ess?  laa&e-before-breaii  choppers 
to  avoid  oscillation  during  chopper  off-time. 
Thane  applications  place  the  extreme  burden 
e£  reliable  performance  cm  the  chopper  sued 
demand  perfect  contact  action. 

Sgnal  Comparators 

The  coiapariGcn  oi  two  signals  and  their 
oobseqtieai  equation  to  zero,  illustrated  ia 


Fig.  3-31.  Using  two  choppare  to  avoid  re¬ 
generative  iaadhaefe  paths. 


Fig.  8-31  Uza  of  choppers  ISO  degree*  out 
cl  phasB. 


Fig.  0-34,  is  an  application  lr  which  choppers 
find  T-equent  usage.  Tha  command  control, 
either  a  voltage  or,  as  In  tha  illustration,  a 
driven  potentiometer  position.  Is  compered 
against  another  voltage  that  la  the  function 
oi  a  servo-motor  position.  Any  existing  error 
Is  chopped  into  a  socles  oi  pulses  and  fed  to 
tha  amplifier  to  operate  the  motor  In  Ilia  da- 
rired  direction.  Motor  operation  ia  frequently 
obtained  by  having  tho  pulseo  o  one  at  two 
thy r at r o«i  tubes.  Another  approach  uses  tha 
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choppafl  seat!  amplified  error  signal  to  eoatrcl 
saturaMs  misters  that  feed  the  motor- 

Bridge  Detector  Ele?ae.r; 

As  a  Sector  for  d-c  bridges,  tha  cfeo^gas 
has  a  number  of  distinct  advantages-  K  is 
particularly  suited  for  precision  balancing  s£ 
high  impedances,  la  Fig.  8-35,  the  chopper 
is  ahesn  sampling  both  sidea  of  a  bridge.  The 
long  time-caostani  of  the  input  capacitance  and 
insulaiiosi  resistance  of  the  tuba  prevent®  the 
input  ampMfior  from  recognizing  the  chopper 
off-time.  Direct  connection  to  the  input  grid 
without  eoseessivs  leading  1©  posable  if  the 
input  tube  is  of  electrometer  type,  having  ex¬ 
tremely  low  grid  current  The  capacitor  shown 
from  grid  to  ground  is  usually  unnecessary 


Fir.  0-33.  Chopper  amplifier  used  to  riabllie J 
gain  and  drill  erf  direct-coupied  amp! tiler. 


since  the  Input  capacU  .  ce  contributed  by 
shielding  tha  grid  connection  Is  frequently 
adequate.  In  the  cff-hnJanco  con-diUon,  the 
chopper  delivers  an  a-e  wave  whoso  phase 
and  voltage  are  a  function  of  tho  polarity  and 
voltage  c i  the  imbalance-  A  VX-55  electrom¬ 
eter  tube  la  used.  Tho  uso  of  this  tub© 
permitn  direct  coupling  io  tho  grid  boeausa 
cf  its  low  grid  current.  Bridge- detection  sen¬ 
sitivity  is  enormously  improved  by  tho  u so  a£ 
the  chopper. 

It-  F  Imbalance  Detector 

Somowisii  similar  to  the  bridge  detector 
circuit  la  tho  r-f  imbalance  detector,  shown 
iu  Fig.  0-3G,  where  a  chojipor  evritebos  a 
capacitor  from  one  side  of  an  r-f  brldg«  to 
another  to  detect  the  direction  of  imbalance 
whoa  U  eidtis. 


Fig.  6-34.  Chopper  used  tor  signal  comparison 
in  asrr&  system. 


Digital-Reading  Voltohmmsier 

Tho  030  ci  choppers  In  digital- reading 
voltobsmaoters  is  a  oomcnrativoly  recant  de¬ 
velopment.  Figure  0-37  is  a  simplified  diagram 
of  circuitry  that  enables  art  unskilled  op¬ 
erator  to  obtain  a  direct  reading  In  a-c  volt?, 
d-c  volte,  or  ohms,  without  switching  molar 
•caioe  or  interpolating  scale  divisions.  By 
suitable  switching  and  rectifying,  the  input 
signal  is  presented  to  one  contact  of  tha  chop¬ 
per.  Comparison  ie  mads  to  the  output  of  & 
potentiometer  connected  io  a  standard  cell. 
The  amplified  difference  aignal  drives  a  servo 
motor  to  correct  tho  difference  to  sero,  op¬ 
erating  a  mechanical  counter  to  provide  the 
digital  reading.  The  output  tubes  drive  tho 
motor  directly. 

Adjustment  of  Ptiari-3  Angle 

Certain  cl»pf»r  applications  depend  oa  tha 
chopper  phase  angle  tiding  cltlsar  0  or  90 
degrees.  Commercial  choppers  are  available 
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Pijf.  6-35.  Chopper  used  a*  ditsetor  for 
d-c  bridges. 
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Detector 

Fl£.  6-36,  Chopper  ucod  la  bridge- type  r-i 
Imbalance  detector- 


D-C  Drive 

ApplicatScne  stay  fca  met  -vtiizm  elternsita^ 
current  lo  not  available  to  drive  tbs  ciaopjXfr. 
The  addition  o t  a  buzsar  mecbaBiaui  to  <iriv» 
the  contacts  is  likely  to  introduce  coeriderabla 
noise  at  audio  and  radio  treqwancies.  Sn  ad- 
ditic'  maximum  reliability  and  stability  may 
be  compromised  by  the  nosd  for  dowi oping 
ouch  driving  energy.  A  miniature  aediegsoer- 
ator  is  available  to  permit  using  a  d-c  power 
source.  The  circmt,  shorn!  In  Fig.  6-3S,  ccsi- 
sisis  of  a  highly  aiablo  phase-shift  oscillator 
using  a  dual  triede,  and  requiring  only  g  or  13 
volts  d-c  filament  power  and  appsr  jdcistely 
250  volts  cfc.  S  provides  a  400-cycis,  8.3- 
volt  sinusoidal  output  balanced  to  ground  for 
minimum  noiiw.  The  entire  assembly  tc  based 
in  a  conventional  octal  tuba  rochet 


^hat  provide  a  plsasa  angle  of  80  dogreaa  with¬ 
out  additional  changes.  Any  phase  angle  otits? 
thjm  80  degrees  may  be  had  by  using  an  ex¬ 
ternal  phace-ohlft  network  in  oeriea  with  the 
drive  coil.  Capacitive  reactance  la  introduced 
to  com  pen  oats  for  the  inductlvo  component  of 
the  driving  coil  to  provide  any  desired  pha£# 
relationship  between  the  driving  voltage  and 
the  chopper  contacts.  This  phase- shift  ks‘- 
v,x>xk  is  illustrated  in  Fig.  8-18  as  used  oa  a 
6. 3- volt,  -100- cycle  chopper  adjusted  forRero- 
anglo  operation  on  315  volts.  A  little  less  thsa 
two  watts  is  dissipated  in  the  register;  corn- 
jsonsn-t  wiluse  os  5  percent  are  rccommontted. 

Techniques  for  adjastlng  phase  an.y:io  vary 
in  efficiency  and  simplicity  with  frequency. 
At  80  cycles  the  required  capaclUr.cn  values 
become  entirely  too  largo  to  b«  practical. 
Adjustment  may  be  incorporated  in  ths  design 
of  the  transformer  primary  or  by  Lid  reducing 
capacitauca  tuto  tfca  tranaiormor  primary. 


Fig.  6-37.  Pm 
roMohaungter. 


of  ebepper  la  dlgilsl-reSKiisg 


Fl{.  fi-3S-  Slrsiroidal  g-erersior  permits  chop- 
par  operation  Irons  d-c  eenres. 


High-Speed  Serve* 

Choppers  are  being  used  la  the  design  ca 
high-speed  servo  systems;  specific  appli- 
caliona  occur  in  several  analog  cohjputsrs 
currently  In  mnuufacturo.  On*  such  dssigji 
uses  a  eervo  possessing  a  bandwidth  <4  65 
epa,  permitting  greater  accuracy  and  epe.jd 
plus  smoother  low- ap^-s-d  performance.  Spec¬ 
ific  ationo  give  a  maximum  error  of  0.5  per¬ 
cent  of  input  si  3  cjw,  an  acceleration  of 
80,000  rolla/secs;  sod  at  alow  speeds,  a 
tracking  <-rror  of  0. 1  percent. 

Chopper  Amplifier 

With  the  advent  of  compiling  simpllfler® 
the  dc^  for  stability  become*  greater  than 
vacuum  tube  d-c  amplifiers  can  supply.  There 
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is  another  system  of  amplifying  u..reci  e«r- 
r;.st  called  the  chopper  amplifier  in  which 
the  direct  current  is  modulated,  amplified  by 
RC-ccapled  vaoimn  tubas,  demodulated,  and 
altered.  Such  a  system  Lb  shown  ia  Fig.  S-3& 
where  one  chopper  accompMshea  both  modu- 
lidffis  and  demodulates.  This  hao  the  advantage 
csf  being  free  of  zero  drift  but  has  a  limited 
frequency  range.  While  methods  of  modulation 
and  demodulatioE  other  than  choppers,  such  ao; 
magnetic  modulator*  or  diodo  modulators,  can 
be  used,  these  systems  invariably  utilise  two 
bucking  voltages  that  are  unbalanced  by  tfca 
direct  current  oo  that  matched  components 
mast  bs  used.  This  Inevitably  leads  to  drift 
and  offset.  The  chopper  id  superior  In  this 
respect.  Tha  frequency  range  of  this  type  el 
amplifier  ia  limited,  if  not  by  the  output  fil¬ 
ter,  than  ultimately  by  the  carrier  frequency 
of  tfca  modulator. 


Fit.  ?  -3H.  ti  tJsa  chopper  acepllitar,  direct cur- 
re-!  Is  moduUteiS,  ss^iitled,  demodulated,  acd 
lifts  red. 


Frequency  limitations  aad  unde  si  red  offset 
amplitudes  existed  ag  tangible  problem ••  U1 
as  recent  as  1350.  (2)  Tho  simplest  m  o l 

combining  two  cue h  asiptiflera  1  s  alsov  ,n  Fig. 
6-40.  G  is  sn  amplifier,  nuch  an  that  mown  in 
Fig-  6-39,  that  passes  direct  current  and  com® 
low  frequencies.  A  is  an  amplifier  that  passes 
all  frequencies  not  passed  by  G.  By  adjusting 
C,lt,  and  CtRj,  l  Ik?  frequency  reopon*es  of 
cacti  can  be  matched  for  a  flat  response  from 
direct  current  to  the  upper  Until  of  A.  A  dif¬ 
ficulty  exists  b>  tbo  miser  .  which  must  pass 
both  direct  aid  alternating  current  and  present 
a  low  output  impedance.  Practical  design  re¬ 
quires  but  M  be  a  direct- cc«pled  vacuum 

tube  and  might  bs  most  efficiently  included  in 
amplifier  A.  Arranging  tlx?  circuit  In  this 
manner  provides  the  configuration  of  Fig.  6-41 
{A),  which  re  ft,?  mbit- a  tbs  Goldberg  circuit. 
Sons  reducUoo  of  eMcloncy  lg  Implicit  la 
each  sn  ax  ran  go  o:  em  ,..ncs  *11  the  stages  oi  A 
between  the  point  ci  application  of  and  tha 
cotpat  will  coi-.trl'uuKS  thsir  individual  drift 
and  offset  conij.  'ernts  to  the  output.  However, 


Fig.  3-40.  D-C  and  chopper  amplifier*  com¬ 
bined  to  utilise  beat  featureo  of  belli. 


these  drifts  will  bo  very  small  compared  to 
the  enormous  amount  of  stable  d-c  ampLfica- 
tioji  coming  from  G,  Hence,  ej,  cruy  bo  ap¬ 
plied  to  the  input  of  A  and  C,  and  Ri  eliminated, 
Of  the  two  d-c  inputs  to  amplifier  A,  e  cud 
ek,  the  latter  will  usually  be  many  bhoucaad* 
of  tlmof.  the  size  cf  the  former  so  that  €  at 
direct  current  Is  negligible.  Thus,  we  are  led 
to  the  Goldberg  circuit  conventionally  ehosna 
in  Fig.  6- 4 1  < B)  with  the  feedback  resistor  now 
Included  for  completeness. 

Unwonted  effect  can  bo  nude  quite  small  by 
making  G  very  large.  Essentially,  this  le  the 


P'!g.  6-41.  (A)  Variation  oa  circus!  w  3-4S. 
(B)  Cmreeticaal  Goldberg  circuit. 
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laarfliar  pra&fesa  posed  3a  assy  eesjveR&iffitsal 
feedback  8‘5sp).ffier;  fee  later  iks  ROiss  3®  te= 
traduced  ia  t&3  asjsHfite?  ebato,  is? 
it  has  as  tbs 


la  selecting  a  efespger  for  a  eisscilis  ap- 
plication,  the  deslgsa  engineer  should  coksuIS 
Use  applicable  KsiMtery  spactfleatlcaa  aad  tbs 
manufacturer ’»  eateSag  literates  to  sSstermtee 
IS  a  suitable  eSsj^er  Is  available  feast  som- 
mercial  stocks-  E  a  cSscpper  with  tbs  neces¬ 
sary  gusliflcstiestj  essrnot  be  tend  in  feds' 
manner,  tbs  jaassfsctarer  can  gp^sply  valisable 
assistance  if  Sse  is  provided  vvttSs  certain  de¬ 
tails  and  reqtdm®@»t®  concsralag  ta,«  chopped' 
and  tbs  funcMaa  it  is  to  perfora.  Tbe following 
check  list  sttonld  ha  filled  cat  as  completely 
%b  possible  l3gr  fee  desiga  engineer  and  sup¬ 
plemented  fey  &  acbamaM®  diagram,  %vm& 
necessary.  The  manufacturer  "s  engineering 
staff  will  then  make  concrete  suggestions 
aimed  at  Mfiffiag  ftbe  design  objective  with  8 
minimum  of  preessresaent  difficulties.  The  its- 
ivTxsisMm  g&gabtuA  is  m  i'oBoizsj 


L  AvaifeM®  r&iv©  v©Ka:g©. 


volts  s®. 


2.  Contact  voits^.— 

3.  Contact  earnest 

4.  Required  contact  frequency.,.,™,,.  cj®, 

8.  -Required  &$<M  time— -.-degree®, 

8.  SSaxUnnss  acceptable  Bate®  level™-™,.,,, 
iSuillivoSta 

?.  tisoiatioa  banwen  drive  and  contact  dr- 
ettfts.  „ Nee&3d„__„ Not  needed. 


Blecbsr,  F,  SLa  "Transistor  Circuit  for 
Analog  and  Digital  Systems,”  Bell  System 
Technical  Jouresl,  March  38§3. 

Hurley,  Richard  B.,  "Traaidfltaiizsd  3Utw- 
L-evel  Chopper  Circuits,”  Klecfcroidc  In¬ 
dustries,  Dscssatostr  1958. 

Xrupar,  A.  “Switching  Translators  Weed 
as  a  Substitute  for  Mechanical  Low-LovoX 
Choppers,”  CosMimmicatiou  and  Electronics, 
,'IKK.  March  1@&L 
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8.  Required  phase  angle™™— degroee. 

9.  Balance  (symmetry  af  dtvell  times)—™— 

'  degree®. 

16,  Aatici|iated  eaviraasasssteS’  ®SH»p*roi«5© 
(averajp*)— _™,.dsgr@©@, 

12,  Upper  temperature  limit— — <tegf@®s  ^ 

IS.  Lower  temperate  'linlt_ _ 

23,  .Relative  humidity  of  operating  envisozs-^ 
nmM,__™.„narcent  RH, 

1C  To  sustain  shock  of-— — g  of-— millisec¬ 
onds  duration. 

IS.  lip  sustain  vibration  ®f__— .„cps  at 
amplitude  of— ____  inch,  total  excursion,  ■ 

18.  To  sustain  acceleration  of  — ...g  for  . 
interval  of— seconds, 

1.7.  Mounting:  . frlug-ln — .... — Strap. 

13.  Connections:..™, _ Socket  pine  (plug-ia§ 

lend  wires. 

IS.  Size  requirements  (specify)™.™.. - — » 

29.  Shape  requirements _ — . 

21.  Labeling  requirement——™™——-, — _ 

38.  Finish  requirements™—. _ , _ — — — . 

23.  Cajo  material  requirements,, _ ,™ 
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Sxceegivo  tomperiitura  rtfjo  is  ono  of  ilia 
prime  cnuseo  of  electronic  oquipuiant  fail¬ 
ure.  Although  the  further  adoption  oi  sami- 
eocductor  devices  will  Ion  eon  the  problem 
cosoev/hnt,  one  of  the  major  concerns  of 
electronic  engineers  will  continue  to  bo  Sia 
feSoGlpai'ion  of  heat  from  the  equipment  &n  a 
.senna  ef  insuring  reliability* 

Ths  problem  ban  two  major  a  spec  to:  (1)  -of 
eqi!ij.TOont  &?.t  5o  to  bo  wood  in  a  tis-sd 
location  under  ■conditioos  that  are  more  or 
less  static  as  fax  ao  ambient  temperature 
sad  altitude  arc;  concerned  -and  (2)  for  equip- 
incut  that  In  to  be  airborne  at  all  altitudes 
from  '‘-on  level  to  70, COO  foot  or  higher.  On 
long  flights  th.-j  problem  -ooemblce  that  of 
lanttb'iscd  equipment;  bat  far  variable-altitude 
operation,  numerous  factors  ems!  bo  con¬ 
sidered. 


The  basic  processes  for  transferring  ne- 
wauted  heat  from  equipment  to  the  earuY’n 
atmosphere  aro  three:  vs-Astlo-  cojsductloa, 
and  convection.  This  chapter  deals  with  the 
means  for  Snore  a  aim;  heat  trsiKiter  bs  con- 
section;  that  b-s,  by  creating  a  difference*  in 
air  pressure  by  fang  or  blowers  so  fhai  (l) 
t ha  air  heated  by  contact  with  the  equipment 
la  forced  out,  thereby  bringing  In  outside  ch¬ 
ar  (2)  cool  outside  air  ja  forced  Into  tho  equip¬ 
ment,  tfcaroby  forcing  out  the  equipment* 
fesat-ed  sir.  Tim  methods  for  determining  the 
volume  of  air  ilovf  required,  the  oeveral  types 
of  fans  and  blowers  available,  and  the  «.•;.*  of 
air  future  to  Insure  a  mipply  id  denn  air  iu-9 
covered 


AIR  CIRCUIT  JPARAB3ETBR8 

Constant  heat  ‘dissipation,  preferebiy  eZ 
oonotnnt  equipment  curfnco  temparatare  c-vca- 
ths  entire  operational  altitude  rs&gs  cf  the 
equipment,  is  s  desirable  basic  aim  oS  cocJfcg 
system  design.  This  includes  meHMs  for 
carrying  off  uxcees  heat  by  conduction  through 
shields,  cooling  fina,  sed  heal  ais&o,  pins  the 
supply  of  cooling  air  far  increasing  t&sfcoal 
dissipation  by  convocthua.  (1) 

Calculating  tho  vokuno  of  ah-  y®<sstood 
proceeds  from  a  kraergrtedgs  of  the  tiest  to  bs 
dissipated  And  tho  permissible  teagarature 
rise  within  an  csdotnav*.. 

S»  considering  an  tdr-oooling  prcblom,  P» 
design,  -engineer  deals  wtth  certain  parameters 
associated  with  those  air  circuits*  "iiavsa 
terms  and  units  together  wit«  their  ttyseffle 
<k-f  teutons  are  as  foltoura. 


Definitions 


*m puller  {see  Fig.  7-1).  Any  cbvlc®  aasS  ts 
!.:-tcs  air  info  movement  and  So  control  tlds 
movement'*  formally  an  impelier  Its  driven  try 
H  .motor* 

Tsto  c;->.«s*e  off  fan  impellers  *S?ectiveSy 
cover  a}1  typo n  si  fan--  and  blowers  cosa- 
in<?re!#ijty  available.  They  are  ths  jistel-fio® 
types  and  cunt  rtf  ugtw  types.  7Aa  fi.dv.iniSgBS 
sraj  diaadvmitagi-  s  p?  (i %ch  ty.j*  and  a  ris:scrip~ 
tton  ei  the  vs  r  too*  physical  em&odtmonta  d 
thseo  typo  a  aro  given  l.vilot?. 
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PROPELLER  VANEAXWL 

FAN .  .  .  FAN 


SQbWlEL-  CAGE  .  RADIAL- WHEEL 
BLOWER  SLOWER 
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BLOtVEH 


Fig.  7-1.  Bade  Impalior  types. 


IVitai  Preesure.  Total  pressure  is  the  rise 
of  pressure  from  fan  inlet  to  fan  outlet  a® 
measured  by  two  impact  tubes,  one  in  the  fan 
Inlet  duct  and  ono  in  the  fan  outlet  duct,  cor¬ 
rected  for  friction  to  tlia  fan  inlet  and  outlet 
respectively.  Where  no  inlet  duct  is  usod,  tho 
total  pressure  on  tlia  Inlet  side  In  zero,  and 
no  pressure  readings  on  the  inlot  slda  shall 
be  taken.  Ibtal  pressure  is  an  Indication  of  tho 
total  energy  of  air.  In  blower  work,  it  is 
measured  in  inches  of  water  column. 

Velocity  Praasure.  Velocity  presf-nsre  of  a 
fan  ifl  the  pressure  corresponding  to  iho 
average  velocity  determined  imm  the  volume 
of  air  flow  at  fan  outlet  ss-ea,  It  can  be  deter¬ 
mined  by  a  Pitot  tube  that  measures  the  dif¬ 
ference  between  total  and  static  pressure. 

Static  Pressure.  Static  pressure  Is  the  total 
pressure  minim  tho  velocity  pressure-  It  is 
measured  in  inch  on  of  water  column  by  a 
tube  opening  normal  to  air  flow.  In  fan  and 
blower  applications,  sjlatic  pro  on  are  la  never 
sufficient  to  compress  tho  air.  For  examples,. 
I  inch  water  pressure  corresponde  to  a  chnngja 
of  leoo  than  0.25  percent-on  tho  epoelflc  volume 
of  sir.  For  this  reason,  the  equations  ucf4 
Lu  blower  calculations  treat  air  as  an  lti~ 
compressible  fluid  with  small  error. 

EHrst’Iurge  Velocity  Preesure.  Thla  is  a 
p.cf-eurc  which  v or responds  to  the  calculated 
average  viioclty  at  the  Ian  outlet  at  specified 
Inlet  air  density  and  fan  speed. 

Fan  Tola!  Preec-.ibe.  This  la  tho  riso  in 
total  pressure  fin  inches  of  water  column) 
between  the  fan  Pilot  and  fan  outlet  at  specified 
inlet  Mr  density  and  fan  speed. 


Fan  Static  Pressure.  This  is  the  toteS 
pressure  lees  the  disenarge  velocity  pressure 
{In  inches  of  water  column)  at  specified  inlol 
air  density  and  it n  qseed. 

Capacity  of  n  Fan.  This  Is  thi‘  volume  rate 
of  flow- oT~nlr  a{  the  fan  inlet  ot  any  air 
den  ally  ami  at  specified  fan  speed.  The  unit 
of  msamiremont  io  cubic  feet  per  niimita. 

Power  Input  This  is  tiio  power  supplied  to 
the  {an  pTilift  at  apaclflod  Inlet  Mr  density  mu? 
fan  speed.  Tho  quantity  m  stated  la  horse- 
power. 

Air  Horsepower.  Tills  is  the  power  required 
to  move  rtublcloot  of  Mr  per  minute  against 
a  pressure  of  1  inch  of  water  column  and  la 
derived  ia  toe  following  manner.  Each  cubic 
foot  of  air  per  minute  moved  against  a  total 
pressure  of  1  inch  water  column  (equivalent 
to  0.577  ounce  per  sq  in.  or  3.19  lb  per  sq 
ft)  represents  tho  ospe.ndlture  of  energy  at 
tho  rate  of  5.19  ft-lb  por  minute.  The  theo¬ 
retical  poire r  required  to  maintain  this  flow  Is 

R  10 

J._M5  =  0.000157  hP 

Therefore,  with  port  eel  efficiency,  It  will 
require  O.OOOI57  hp  to  move  1  cubic  foot  of 
Mr  pur  minute  against  a  total  pressure  of 
1  Inch  water  column  {or  3370  cubic  feet  of 
sir  per  minute  moved  against  a  total  pressure 
of  1  inch  will  require  1  hp). 

Total  Efficiency.  This  Is  tho  ratio  of  tho 
power  output  of  ree  fan,  based  on  capacity 
and  fan  tola!  pressure,  to  tho  shaft  power 
input  In  formula 

ToLU  fUJlctency  -  ^-0QO1!''7  *  c*m  *  ntatlc  Preoeare 
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,  ftg-aggL  Area.  This  measurement  Is 
Determined  from  tha  inside  dimensioaB  of  tta 
sen  outlet.  The  outlet  area  of  a  fan  furnished 
vvlth  a  diifuaer  ia  the  area  at  die  outlet  of 
die.  diffuser.  -  - 

-irdat  Area.  This  measuremeat  is  de- 
.sriuinS'd  from  the  inside  dimeaskssES  of  the 
fan  k>lat.  For  a  fan  with  inlet  boxes,,  the  inlet 
■iron  \B  that  af  the  bos  openings. 

3?raflsura  Drop.  This  refers  to  the  difiorenco 
fc'j  pressure  existing  a  crocs  a  davice,  each  as 
a  filter,  placed  in  the  air  stream.  It  is  tha 
pressure  measured  at  the  upstream  end  of  tha 
device  less  the  pressure  measured  at  the 
downstream  end.  The  quantity  is  measured 
in  inches  of  water  column. 

Volume  of  Air  Required 

For  any  cooling  problem,  the  volume  of  air 
moved  should  be  groat  enough  to  Emit  tha 
temperature  rise  of  the  air  in  tha  occloauro 
to  a  permissible  value.  Tha  following  formula 
may  be  used, 


whore  T'«  permissible  temperature  xisc  (ia 
degrees  Fahrenheit) 

cfm  a  volume  af  air  moved  (in  cubic  feet 
per  minute) 

bw  ■»  power  dissipated  liislda  enclosure 
(in  kilowatts) 

Tills  equation  perm  Us  us  to  us-s>  tiro  volume 
of  air  required  with  known  valuoe  of  per¬ 
missible  temperature  rise  and  power  dis¬ 
sipated  in  heat  In  a  typical  example,  a  redlo 
transmitter  dissipates  2  lew  oi  power  within  aa 
enclosed  cabinet  in  the  form  of  host.  After  a 
normal  warmup  interval,  the  ambient  tem¬ 
perature  within  the  cabinet  has  increased  by 
£0  F.  This  is  1.5  degrees  more  than  car,  b® 
tolerated  by  s  cortnin  component  within  tha 
cabinet,  snaking  the  pormioatble  temparaturo 
rleo  within  the  cabinet  4D  F.  Using  there 
values,  it  la  apparent  that  approximately  140 
cfm  will  provide  an  adequate  stream  of  flush¬ 
ing  air.  A  slightly  higher  volume  of  air  may 
be  desirable  to  compensate  for  nommlfonn 
hot  aixi  cold  air  mixing  conditions,  although 
in  current  practico  the  eatety  margin  to  gen¬ 
erally  Incorporated  In  She  adopted  permissible 
tsnsperature-rlca  figure.  A  mors  complete 
evaluation  of  air- rata  requirements  Is  pre¬ 
sented  in  Reference  S. 


Fan  lteqaltm^oafe 

‘The  volume  af  air  act!  the  total  resistase© 
of  the  system  represses  to®  values 
determine  tha  capacity  of  tow  requites 
for  s  particular  application.  The  total  r®» 
Distance  cvl  the  system  conflicts  of  to®  re- 
.=  Distance  of  all  elements  encountered  by  fits 
air  stream,  plus  the  duetts^  and  dust  filter 
when  used. 

An  informative  glimpse  cd  4fc$  relattonchip 
between  fan  delivery  characteristic*  acced¬ 
ing  capabilities  may  be  had  from  a  tosoreteaS 
example.  A  1/28-hp  motor  driving  a  10-tocEa 
propeller-typo  fan  at  .'1750  rpsa  will  desires’ 
approximately  S00  dm  c2  free  air.  TMo 
quantity  of  air  is  capable  of  handlist  ifea 
dissipation  of  approximately  3700  watt*  i®~ 
alde  an  enclosed  cahiaet  white  limiting  8*3 
ambient  temperature  rise  to  15  P.  Twice 
the  air  volumd  may  be  delivers-  by  increcel^j 
Sie  size  of  the  fan  awl  ramtog  it  at  the  seek} 
opood.  The  asms  increase  in  air  delivery 
may  be  achieved  by  doubltog  the  fan  ajsssd 
while  maintaining  tho  fan  elE-  constant,  fa 
the  first  case,  about  S.2  jS.vojt?  the  k.ors©- 
power  will  bo  needed,  bni  a-3  increased  faa 
aiso  will  contribute  m  terasr-o  in  eoJcs 
tevah  In  the  second  ease,  too  motor  will  asefi 
about  eight  iimaa  the  horsepower  since  fcor*®~ 
power  varies  as  tho  spaed  eefc-sd,  and  egahs 
the  aoioo  will  b®  higher.  Ttss  baa's  piw'gao 
against  which  the  fan  must  ep»rtite  and  mn Is-- 
tala  twice  She  output  -glli  i.v  four  *'  ■■  .•  a  as 
much  at  tha  S6CQ-rpsn  speed  (cocwared  wiife 
tlie  1750-rpra  epesd)  since  static  prossss® 
varion  as  speed  squared,  Q  should  bo  aoS*4 
tout  when  a  propallor  fsa  is  driven  at  hig'sci’ 
speeds,  tho  eistle  preanus'a  generated  by  Ota 
fan  increases  with  tha  sqa»?w  of  tbs  Df 
making  it  suitable  for  use  la  applicstfoee 
requiring  saefe  static  Breasrusv-, 

To  minimise  the  bacS  pressor*  on  a  faa, 
too  air  paths  should  bo  kepi  as  direct  sad 
unrestricted  as  practical  Air  Alters  raise 
tha  back  pressure  by  0.  Ife  to  0.20  tech  eS 
water  column,  even  when  aot  slagged  by  dasS, 

Laws  of  Blower  Perfonnecae* 


Kveluuttoa  of  the  perfonnsaee  ted  deaigss 
cf  blowers  (centrifugal)  css  bn  carried  eat 
with  a  reasonable  degree;  oi  accuracy  bw 
applying  Lbs  co-caUed  fan  laws,  There  letw 
apply  to  groups  of  geometrically  similar 
blowers  under  coaditioa*  of  lev;  pressmsw 

*  Engineering  dais  tor  ifeto  s-e-eitea  w>'># 
from  **F«a  BiqtJwerinj,”  psbi iasfced  by  ifca  BrfSsfca 
Forga  Cocspaay. 


ratio,  vjhea  compressibility  effects  caa  fos 
ignored,  Geometric®!  oLesilarity  is  taken  to 
imply  that  variation  oi  tho  impeller  diameter 
ss  suits  la  change  of  impeller  width  to  the 
sains  proportion,  These  laws  along  —ith  Ess 
basic  relation  betwesw  pressure  rise  ansi 
head  can  be  stated  lot  incompressible  Quids 
by  the  following  relatioi'shlpo: 

Flew  volume  varies  as  rota¬ 
tional  speed  Q  «  rgss 

Flow  volume  varies  as  im¬ 
peller  diamcfsjr2  €§  s«  d® 

Head  dev  loped  by  blower 

varies  as  impeller  diameter®  H  «  g 
Head  developed  by  blower 

variee  ae  rotational  epead8  H  «  a*pms 
Horsepower  varies  aa  im¬ 
peller  diameter5  hp  <k  «3 

Horeopowor  varies  as  rote- 

tlonal  speed3  ho  a  r pas3 

Pressure  rise  varies  as  head 
times  density  ap  e  Hp 

Horsepower  varies  aa  denoKy  hp  k  p 
Horsepower  vartec  an  slow 

volume  too®  pressure  ries  hp  k  Q Csg> 

In  addition  to  five  above  stated  laws,  Si  la 
assumed  that  when  toe  width  of  the  impeller 
1b  varied  independently  of  all  other  operating 
variables,  the  flow  volume  and  horsepower 
will  vary  in  direct  proportion  to  ffib  width 
and  that  tho  procauro  rise  will  remain  un¬ 
affected.  Thla  cat-3  of  variable  Impeller  width 
is  taken  to  Imply  that  tho  Impeller  is  blocked 
or  shielded  i«  varying  degress.  The  other 
dimensions  of  the  blower  do  not  vary  in  a 
geometrically  similar  fashion  but  are  con¬ 
stant.  Thun,  la  calculating  to©  porformst’c-e 
of  3  blower  that  has  its  Impeller  diameter 
and  width  altered  todependautly,  the  above 
width  relationship  must  bo  applied  to  the 
blows-  whooo  width  is  proportional  to  that 
of  tli 3  reference  blower  In  tho  ratio  of  tho 
diameters,  rue  nasuinutton  of  tncomprenoiblo 
flow  through  the  blovror  leado  directly  ta  ton 
condition  that  tho  pressure  rise  la  proportion:'.! 
to  the  product  of  tho  bead  and  density;  thus, 
even  though  too  head  gone  rated  by  a  blows  s’ 
is  maintained  constant,  the  prooimro-pro- 
rius-ing  ability  of  tha  blower  can  bs  greatly 
affected  by  changes  in  operating  altituda. 
For  example,  a  blower  generating  a  fired 
head  has,  at  70, WO  feet  altitude,  n  pressure 
production  equal  roughly  to  ona-soi  cntcenih 
of  Its  sea-level  value. 


poll©?  width,  a#«EE@  a  Mm 7«r  sperattag  gS 
cea  level  with  a  £p3@d  of  SIMSsS  spo  with  sb 
impeller  8  inches  la  diameter  aad  4  inches 
uida.  Ei  develop®  si  presmsr®  ®f  3.5  Smcteo 
vfflter,  daUvers  40©  ete,  mS  E-etjcteso  RJS 
fcj?  drlvtes  power.  Calculate  tSsa  tfeuelop©*! 
pressure,  discharge  volume,  aad  required 
power  of  a  blower  with  modified  isspeller  widtfe 
operated  at  the  sains  percentage  A  masimurs 
capacity  at  70,000  foot  altitude,  al  a  spaed  of 
20,000  .rpsa,  iisd  with  an  iiapeffisr  10  inchos 
to  diameter  and  8  laches  wida.  Ea  the  follow¬ 
ing,  .subscript  i  i’ofors  to  sea-level  operaQoa 
and  subscript  8  refer®  to  70,000  f&st  altitude 
operation.  The  pressure- rlee  relationship  ia 
ojjpreosed  bj  a  c©Eabinaiioa  of  the  fan  laws 


This  gives  for  the  pressure  risa 

(0.053=1)  =* 

14, i  lacing  water 


The.  discharge-voScai®  raiatiDca’aij)  Is  as- 
presoad  by  a  contbSaatiou  of  the  lass  laws  aed 
by  application  of  the  width  rolattox’shtp  as 


Tito  potior  rciattonehip  Is  oxpros.oed  by  fcp  « 
Q&p  alnco  i'is  efficiency  "  assessed  to  be 
tho  samo  because  tos  ivoiaologSK.'.®  blower 
with  modified  impeller  width  oporateo  ai  the 
same  porrertage  oJ  maximum  diccharg-e  and 
chould,  therefore,  have  ths  came  efficiency. 
Thua, 

fe5>j  W/W  J 

This  gives  for  ths  power 

- oss  (-^bt)  (tt!)  -  40-°  ‘v 


di>„n  S.B 


,1000  ) 


Example  of  Use  of  Fan  Laws.  A  a  ac  examola  The  power  esa  elso  te  determined  by  a 

of  the  use  o?  tho  fan  Taws  and  of  the  b.cutic  combination  of  tha  fan  lawn  (hp  «  <i9  and  hp 

aosumptione  that  'ho  d  to  charge  volume  and  «  rpra8)  ead  application  oi  tba  width  *elatloo- 

tha  horGC.powsr  arc  proj.iQrlional  to  tho  i.us-  chip. 
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SLOW®  T5TPES 

Two  geaoral  elascso  of  fea@  ©r  Messrs 
effectively  ©otter  ail  cosimsreMly  auaSlcM© 
fypeo,  “ttey  are  the  asdal-Ess  tyfsaa  ass!  Cso 
centrifugal  types.  la  general  St  is  liaM,  33  is 
the  CBsto  State  Research  IFtes-dattea  report,, 
that  Bis  centrifugal  blower  is  best  salted  to 
produce  constant  heat  diseSpatioa,  preferablf 
at  constant  surface  texnpsratuf®  ol  the  i&pSst* 
snent  (2)  Tb  meet  other  reqsis'ensQsiis,  fco®~ 
ever,  o?  to  cope  with  critical  fijraco  ItoSte- 
iiona,  fee  axial  fan  may  be  fits  best  ssisctloB, 
Different  types  of  axial  and  centrifugal  blar.ars 
are  tliser.osctS  in  limited  detail  fecloss. 

Asdal-Ftovy  Tsaa 

This  tyj-w)  of  impeller  assists  to  two  broad 
variations  used  extensively  with  cooling oqpi$° 
meat  They  are  the  iam'ltef  propalicr  fan 
and  a  more-  refined,  somewhat  more  officiant 
design  swiao  vt  and  ouikt  rasas  known  as 
a  vncearial  fan.  In  both  typos  the  air  outers 
and  loaves  the  impeller  in  a  diroctio.!i  parallel 
to  the  imjssllsr  rotor  aria 

In  current  equipment  nispllcntiang*  tsio  axial- 
flow  family  of  fan  lm  jailers  functions  wMaly 
in  alr-lstafco  capacities  and  in  oxiramoly  well 
suited  for  flushing  large  rolttmeo  of  air  over 
equipment  components.  This  type  of  fan  to- 
psllor  can  bo  supplied  by  commercial  ooureoo 
in  a  variety  of  sizes  and  capscity  ratings.  Tho 
materials  need  in  construction  iucluda  oiaia- 
iosn  steel,  brass,  aluminum,  sad  tough  light¬ 
weight  plastic  a. 

Propeller  Fang.  Propeller  fa;.®  arc  widely 
uccct  tor  Hushing  nlr  throng?)  chaaslo  coro- 
pErtmersto  and  blasting  air  orer  hoat-geo- 
s  rating  components,.  This  typo  of  fan,  illus¬ 
trated  in  Fig.  7-2,  is  capable  of  moving 
relatively  targe  volumes  of  air  for  its  physical 
etoc  aisd  horsepower  rating.  E  is  not  recom¬ 
mended  where  air  Is  to  bo  moved  to  rough 
restricted  are  no  which  de?elcjo>boc»praofiureo 
appreciably  In  excess  of  0.15  to  0.25  loch  of 
water  column.  Higher  preosscrca  can  bo  pro¬ 
vided  by  special  hlgh-apcesi  fans,  but  times 
gene  raLIy  produce  cons Idorahly  more  air  notes. 

The  nlr  velocity  from  propeller  fans  l« 
generally  lov/eir  than  that  of  a  centrifugal 
blower.  Th@  limited  pro  ensure -building  ca¬ 
pacity  of  a  propeller  fan  cteea  not  permit 
generation  of  high  velocities,  because  such 
velocities  represent  h);p.< -velocity  pressure®. 
Centrifugal  blowers  am  preferred  whenever 
a  high-velocity  air  bl«r-t  Is  required,  or 
whenever  air  is  required  to  bo  moved  is  a 


Fig,  7-8,  Prepoltotr  tea. 


relatively  narrow  duct.  Avsrsgo  prop-oil©  r 
fane  mov®  air  at  velocities  of  StSO  to  iSOG  foot 
por  minute  (through  tho  propolteif  area),  where¬ 
as  average  centrifugal  blowers  have?  outlet 
velocities  of  J.5C0  to  9000  loci  par  minute, 

A  7  -Jo  variety  of  propeller  Jena  is  av.  liable 
capable  of  handling  air  volumes  ranging  ,'rem 
10  to  1000  cubic  feet  par  sieuto  at  static 
prvBsurcfl  up  to  1.7  incites  cl  water  column. 
Characteristically,  propeller  fasts  ara  email, 
economical,  and  rugged  and  esn  move  largo 
volumes  of  air  at  low  static  prosstor©®, 

Vo  tv©  axial  Fan.  Tho  vattotushsi  fan  Is  derived 
from  tho  fundamental  propollojr  Sypa  and  be- 
longs  In  the  axial-flow  family.  Repreitontin-g 
a  fan  design  of  hlghor  efficiency  than  ths 
propeller  type,  it  features  inlet  and  outlet 
vanes  (eoa  Fig.  7-3)  which  utilize  too  element 
of  whirl  imparted  to  tho  air  by  too  fan  blados 
to  provlda  sa  increment  of  otc-tis  pressure  cot 
attained  by  tiro  basic  propcilsr-iypo  fan..  The- 
vanes  also  keep  tho  air  delivery  in  an  axial 
direction,  establish  more  uniform  flow,  and 
maintain  high  efficiency  with  quiet  operation, 
Tho  range  of  air  doll  very  ratings  -extends 
from  £0  to  5000  cubic  feet  per  minute  at 
moderate  static  pro  scarce  (cp  to  3  inches  of 
water  column). 

Air  delivery  cha rector letics  cf  rapi-ccenta- 
tive  axial -flow  fans  nro  elj own  i-u  Tnblo  7-1. 
The  characteristlcn  of  eight  of  these  fans  have 
trees  plotted  in  too  graph  of  Fig.  T-^t-o  precont 
an  illustration  of  tho  typical  air  volume  -tit  stlc 
proas-uro  combinations  commercially  available 
in  ferial -flow  fans. 


Centrifugal  Blow-arg 


&a  th.fj  centrifugal  mpallex',  She  bladea  axo  • 
orraagad  to  provide  Mgh  efficiency  by  nfrivinj 
fifes  ais  in  a  clraslav  ©rbifi  within  a  ses^Jl . 
towing.  Considerable  centrifugal  Zovm  ia 
imparted  to  the  sir  withia  the  scroll,  and-feea 
the  air  is  expelled  through  aa  outlet  ia  a 
direction  tangential  to  the  circle  dseeri&es! 
by  the  tip  of  the  impeller  blades,  that  is, 
perpendicular  to  the  asio  of  impeller  rotation 
and  to  the  axis  of  air  lEfiakc.  Typlcjil  centri¬ 
fugal  impellers  are  represented  by  the  squir¬ 
rel-cage  blower  (gee  Fig,  7-5).  They  aro  used 
where  high  pres  sure  and  modorate-to-Iow 
alr-lmdling  capacities  are  called  for  and 
where  air -ducting  assy  be  desirable.  In  con- 
fjtractlon,  blower  bcaatags,  blowor  wheels, 
cstd  baseplates  are  of  stool,  frequently  prinssd 
end  baked  in  sine-eft rernate.  Inlet  adaptors 
may  be  of  steel  or  aluminum.  All  otaai  parts 
are  generally  finished  in  a  dull  enamel;  steel 
hardware  is  plated  and  passivated.  Almnimaa 
parts  are  anodised 

Centrifugal  Blowor  Types.  Fundassfcataily 
there  are  three" cliffcreal  typed  of  centrifugal 
blows r a  differentiated  from  each  other  by  the 
curvature  of  the  impeller  vatcoo:  (1)  forward- 
curved  vane,  (2)  backward-curved  vane,  and 
(3)  radial  vans  (seo  F%.  7-6).  Typical  per¬ 
formance  curves  of  a  radial- van o  type  are 
given  in  Fig.  "  -7  from  &>e  Ohio  State  report 
Superimposed  on  this  plot  ia  a  system  char¬ 
acteristic  curve  of  a  typical  in  a  foliation.  Vivo 
back  pressure  or  resistance  to  flow  offered 
by  the  ducting  and  flow  path  of  a  system 
varies  an  the  square  of  tho  voloclty  cl  air 
flow.  A  plot  of  the  bach  pressure  v®.  tbs 
relume  flow  resude  in  the  system  character¬ 
istic  curve.  Where  this  curvo  croseei  the 
blowor  static  pressure  curve  determines  tee 
operating  point  ol  tho  bkreer. 

Tho  primary  difference  between  the  per¬ 
formance  of  a  forward-curved  vano  impeller 
and  that  of  a  radial  -  r.iac  Impeller  is  t".  t  the 
static-pressure  curve  of  the  forward-curved 
vane  Impeller  drops  off  (slightly  ?.l  email 
flows  to  a  minimum  video,  then  increase*  to 
a  peak  value,  and  subsequently  drops  off  like 
th.it  of  tho  radial-vane  impeller.  As  for  the 
radial-vane  Impeller,  operation  of  the  bio  war 
at  flows  smaller  than  that  for  which  tho 
maximum  static  pressure  la  obtained  may 
become  unstable.  The  horsepower  character¬ 
istics  of  both  blowers  are  similar.  Tho  pres- 
sure  characteristics  of  backward -curved  vans 
Impellers  are  usually  such  that  a  alight  la- 
crcaao  may  occur  at  avail  flow  volumes  a, 
followed  by  a  relatively  canetani  proesurs 


Fig.  7-8.  Canlvifi-^ai  (c^alrreS-cag©) 
bior/ar  (American  Electronics  fee.) 

over  appreciable  range  and  than  a  more 
or  £s*s  rapid  decreases  with  increasing  flow 
volume.  Tiie  power  characteristics  of  tee 
•sms  blower  differ  In  that  the  horsepower 
does  sot  continue  to  increase  with  increasing 
flow  volume  and  dec reasir.g  static  pressure 
but  reaches  a  peas  value  a  snail)  at  about  two- 
ihlnis  wide-open  discharge.  Thuo,  while  a 
blower  with  a  forward -curve  vane  impeller, 
or  a  blower  with  a  ra&lal-vfjns  Impeller,  may 
overload  the  drive  motor  dsn  operated  wide 
open  (if  designed  ior  ops  r  ation  boot  peak 
elatie  pressure),  »  blower  wish  a  backv/arei- 
curved  vano  Impeller  has  nOBOVsrlcadlng 
ebar&cte  r  !e  ti  csi . 

Squirrel -Cage  Blowor.  Squirrel -cage  blow- 
era,  co  called  because  of  tho  treadmill  con¬ 
figuration  oi  fhoir  Impeller  blades,  arc  used 


Redial  Forworn  Bockword 

curve  curva 


fog.  7-6.  Centrifugal  blewsre;  ImpelWr 
rar.n  variations. 


where  minimum  op.-sco  enlsla  and  where  duel¬ 
ing  may  be  desirable).  Through  selection  eJ 
clockwise  or  counterclockwise  shaft  rotation 
(viewed  from  motor  end)  and  bleat  orientation 
(ooo  Fig.  7-8),  tliia  typo  of  blower  lands  itcelf 
to  flushing  or  exhount  applications  and  can 
function  equally  wall  from  an  upoiream  or 
downstream  location.  Si  is  capable  of  proving 
air  volumes  ranging  from  modoai  values  up 
to  approximately  2500  cubic  foot  per  rninuto 
at  static  pressures  up  to  approximately  3.5 
Inches  cl  water  column  (ces  Fig.  7-0  and 
Table  7-2L 

Duplex  or  double-ended  equirrel-cr.go blow¬ 
ers,  as  shown  In  Fig.  7-10,  are  iivalieble 
and  their  nee  can  greatly  simplify  duct-work 
and  allot#  better  operation  of  equipment,  even 
In  tight  chambers,  thsn  ia  obtainable  with 
simplex  bi.oo'era.  For  centralised  cooling  sys¬ 
tems  in  Instrument  or  radio  transmitter  .ap¬ 
plication?!,  different  types  of  blowers  mzy  bo 
combined  oa  a  dingle  motor.  The  additional 
cooling  capacity  of  e-uch  combinations  la  es¬ 
pecially  useful  whan  operating  in  rarifle-d 


ateospheron  end  when  multiple  air  streams 
are  desired.  Such  an  arrangement  a!  ?„o  por- 
mita  movement  of  air  attmKllfieront  pressure 
levels  and  -g rogation  of  air  circuits  using 
only  one  drive  motor. 


Airtight  cone  sc  lions  arsd  convenient  mount¬ 
ing  arranged  onto  car.  be  mads  by  moans  ef 
he  numerous  iulut  and  cutlet  edap  tors  avail - 
^b!o  (see  Fig.  7-11).  A  plain  ialot  may  bo 
ueed  to  provide  a  freo  air  entrance  to  the 
blower.  T5ie  use  of  a  cons-iyp®  inlet  permits 
the  entire  bloTfor-metor  combination  to  be 
meehaniceUy  suspended  from  tha  flange  of 
the  cone.  Thie  allows  prilling  air  into  the 
biowcr  from  a  dust  filter  or  sucking  air  through 
*  hole  in  a  partition  or  frora  an  air  chamber. 
When  a  duct  ha*  to  be  connected  to  the  Inlot 
port  for  either  suction  operation  or  combined 
suction  and  pr-sc sore,  a  rim-type  Inlet  is 
usc-d.  The  plain  outlet  port  allows  a  free 
-  outlet  air  blast-  Die  fiango  outlet  represents 
a  method  for  suspendh^;  the  entire  motor- 
blower  aBsorabiy  in  an  airtight  manner  by 


COON  T  E  flCCCC  X  W  03  E  ROTST®*! 

we«o  reou  moron  eno 


CCOCKWISE  ROTATION 
Vi£Wt.D  .'KOa  WOTO-S  ffiO 


Fig.  7-8  Blast  orlentatlo.-iB  of  e-e.-.!rlfug«l  blotrsr. 
240 


imms  of  this  flosigo  imm  aa  air  chamber  or 
k'  1  'at  waE> 

Hadial-TWigol  BIoy/cp.  m  appliestioas  ro* 
tpsiriag  a  considerably  higher  prcssure-to- 
volume  ratio  than  is  obtainable  with  atpirrsl- 
cage-type  centrifugal  blowers,  the  single 
Biage  radial-wheel  centrifugal  blower  is  rec¬ 
ommended.  This  typo  cl  blower  assembly, 
shown  in  Fig.  7~i£  is  aimed  ot  the  dual 
objective  of  high  efficiency  and  minimum 
space.  Ho  email  phynicai  else  makes  it  par¬ 
ticularly  suitable  for  baling  driven  at  tha 
high  abaft  speeds  obtainable  with  400 -cycle 


isowair  ^applies  used  in  airborne  appUc/ittcim. 
Even  at  60-80  cycles,  high  preasura-to-voliyno 
ratios  sura  possible.  HepsresaiitativQ  vafenao 
and  pressure  figures  for  this  typo  Mosses? 
range  from  14  to  S3  cfej  at  3.3  to  9.2  inches 
static  preBSura. 


lavgatages  and  BlfiadvaBtr.ges 

Aj-dal  and  centrifugal  Mowers  oach  have 
advantegaa  and  diGsdvantagoa,  Ha  making  8 
selection  of  a  blower  type  to  be  employed, 
thaea  advantage®  -od  disadvantages  a  a  op- 


AIR  VOI  UME,  cm 

?! 8-  7-0.  Cer.lriiugsrl  tjlorrsr  characteslf.!!*#.  (Sr®  Tsi  's  7-S  lor 
retoreaerd  fan -motor  combinetloQ*.) 
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*  Poises*  sourest 

Air  jJalivery 

Type 

’ 

Motor 

(rpsa,  ap-srea) 

Weight 

m 

! 

Cum  1$©.  t 
(Fig.  7-D) 

Vokage 

Frequency 

Phases 

Cfm 

Stalls 
presses'® 
(in.,  r-<rier} 

28 

dc 

70 

1.4 

Commutator 

3800 

3.® 

20 

ds 

60 

1.8 

Commutator 

3809 

3.8 

— 

28 

< k. 

— 

85 

5.5 

Commutator 

37C0 

S.O 

23 

cte. 

70 

S.5 

Commutator 

3300 

3.9 

23 

wC 

— 

125 

S 

Commutator 

6200 

4A 

1 

28 

c3c 

~ 

170 

3 

Commutator 

6200 

4.4 

115 

dc 

_ 

12C 

2.5 

Commutator 

5400 

4.2 

- 

113 

dz 

80 

S.3 

Commutator 

5500 

_ 

SIS 

dc 

_ 

135 

2.S 

Commutator 

5200 

4.4 

— 

1  IS 

& 

_ 

80 

2.5 

Commutator 

5500 

4.S 

115 

dc 

.... 

90 

2.? 

Commutator 

5003 

5.0 

a— 

115 

dc 

— 

150 

so 

Commutator 

7509 

S.3 

2 

115 

4C0 

1 

13.5 

0  43 

Cap- run 

7000 

1.1 

3 

118 

<500 

i 

21 

0.0 

Cap-  e  us 

7000 

1.1 

4 

115 

380-980 

1 

13 

0.4S 

Cap-rim 

6000 

1.1 

— 

115 

380-930 

1 

16 

0-4S 

Cap- run 

6000 

1.1 

115 

<500 

i 

ICO 

2 

Cap-run 

MOO 

4.3 

115 

<100 

i 

80 

1.0 

Cap -rim 

5400 

4.9 

— 

115 

too 

i 

95 

1  3 

Cap- run 

5403 

4.2 

_ 

115 

■SOS 

i 

TO 

1.73 

Cap- run 

5400 

6.3 

115 

■tco 

i 

130 

3.3 

Cap- run 

3600 

8.3 

— 

IIS 

too 

i 

180 

2.3 

Cap- run 

3900 

8.3 

— 

115 

400 

s 

no 

2 

Cap -run 

3600 

6.3 

— 

115 

50-80 

l 

110 

2.0 

Commutator 

MOO 

4.4 

115 

50-60 

i 

92 

2. a 

Commutator 

5500. 

4.7 

— 

115 

50-60 

l 

135 

2.5 

Commutator 

5200 

4.7 

5 

115 

50-60 

i 

115 

2.3 

Commutator 

5209 

4.8 

— 

115 

50-60 

i 

75 

<3.0 

Commutator 

8000 

e 

6 

115 

50-60 

i 

130 

S.O 

Commutator 

8000 

4.3 

_ 

115 

50-60 

l 

110 

3.5 

Commutator 

8000 

4.8 

1 

115 

SO  -  6-0 

i 

136 

10 

•  'ommutator 

7509 

3.5 

2 

115 

50-80 

l 

? 

0.1 

Cup- run 

3400 

1.1 

3 

115 

50-50 

l 

6 

0.1 

Cap-run 

3400 

1.1 

9 

115 

50-60 

i 

0 

0.1 

Csp- run 

33Cu 

1.1 

9 

115 

50-30 

5 

14 

0.23 

Cap- tun 

3300 

1.3 

IS 

115 

50-60 

1 

18 

0.7.5 

Cap- run 

3300 

1.5 

13 

113 

50-60 

1 

23 

9.  S3 

Cap- run 

32CW 

1.4 

115/230 

30-80 

1 

58 

0.35 

SSjJsifcd-polt? 

3200 

5-7 

SI 

1 1 5  '230 

50-60 

1 

57 

0.44 

Cap- run 

3300 

4.3 

13 

115/230 

SO -60 

1 

40 

O.Si 

Cap-  rur« 

3300 

*. 

14 

115 '230 

SO -&0 

1 

o.&:- 

Cap- run 

3300 

5 

S3 

1 1 5  ''230 

50  -00 

1 

75 

o.cs 

Skadrd-pota 

S2C0 

6 

16 

m-Tio 

50-60 

1 

no 

0.7 

Cap-ru-n 

3450 

5 

17 

115 '230 

50-60 

1 

100 

0.0 

Shaded-pole 

3300 

3.0 

17  ; 

m 

50-60 

1 

~o 

a  is 

Cap-rua 

MOO 

3.? 

13 

US'^O 

30  ■  CO 

1 

65 

0.5 

CSrj .  jo  .  tx>lf 

3400 

S.7 

IS 

230 

50-60 

1 

103 

1.0 

C ip- rim 

3400 

5.3 

19 

115 

50-60 

1 

103 

_ 

Ca^-run 

MOO 

5.8 

19 

piled  to  liie  installation  belit-g  designed  ivjasi 
be  conaiderod. 

Advantages,  Axial -Tips  Blowers.  Axial 
blowers  Lave  [He  Tol lowing  advantages: 

1.  High-peak  efficiency.  The  peak  efflclerary 
of  axial-flQW  units  Of  moderate  air  capacity 


Is  75  to  8!)  percent.  For  very  small  units, 
these  values  may  not  bo  attainable.  However, 
In  comparlsosi,  the  operating  efficiency  of  a 
comparable  centrifugal  blower  should  be  CO 
to  05  percent.  Therefore,  it  i>cst  ci'flc  lency, 
the  axial-flow  blower  would  require  15  to  30 
percent  Isas  paver  r  operation 
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‘2.  Hi$s  uleraden’seas!  ratio.  By  msaaa  o£ 
rtmltishagiBg  and  the  ua-a  of  a  high  relative 
spaed,  an  axial-flow  unti  of  small  diameter 
and  appreciable  length  can  b<a  dasigoed  that 
would  permit  itu  incorporation  in  sa  axial 
pooitfoa  ci  a  cool. lag  system  of  small  overall’ 
diameter. 

3.  Straight-through  air  flow.  Unidirectional 
airflow  characteristics  for  such  a  unit  allow 
its  installation  in  an  air  duct  without  eompli- 
cationo  cad  without  adding  the  re  Distance  of 
a  coLlector,  elbows,  and  other  devices  neces¬ 
sary  for  installation  of  other  types  of  blowers. 

&  rao-angle  control.  Operating  control 
of  an  axial-flow  blower  by  meins  of  varying 
the  sngleo  of  the  rotor  and  stator  vanes  and 
by  clutching  one  or  eoveral  stages  for  free¬ 
wheeling,  when  required,  1b  possible.  These 
are  methods  that  may  be  used  individually  or 
In  combination  to  adjust  the  blc-zor  to  variable 
requirements  that  exist  whan  operation  over 
a  wide  range  of  altitude  ia  attempted.  How¬ 
ever,  it  must  bo  realised  that  their  application 
involves  oonalde  rable  mechanical  complication 
that  woald  bo  difficult  to  Introduce  In  small 
unite. 

Disadvantages,  Axial-Typo  Blowcrg.  Axi ;ii 
blowera  have  the  following  dlsadVanilige a: 

l-  Limited  operating  range.  When  operating 
at  constant  speed.  Control  by  throttling  or 
bleeding  can  only  bo  used  over  a  small  range 
of  disch.  rgo  capacity  because  the  pressure 
vo.  flow  characteristic  ia  extremely  steep 
and  a  small  change  in  bio  wee  discharge 
causes  3  radical  change  in  pressure  genera¬ 
tion.  At  a  large  percentage  of  lull  discharge 
capacity,  the  puiaatlon  llmli,  or  instabUTy 
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Fig.  7-11.  Various  styles  of  inlet  and  outlet 
purls  tor  centrifugal  blotrere. 
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of  operation,  lo  reached,  evidenced  by  a  surging 
or  pulsating  flow  through  the  blower  system. 

2-  Highly  variable  efficiency.  Although  tho 
cxiai-fiow  blower  has  a  high  peak  efficiency, 
it  1b  not  capable  ol  maintaining  it  with  rel¬ 
atively  sin  all  changes  iu  operating  conditions. 
The  efficiency  of  multi  stage  units  ia  par- 
ticul.i.ly  affected  b>-  variation  s-L.  operating 


Fig.  7- 10.  Duplex  centrifugal  Closer. 
[SdroH  Mfg.  Co.) 
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Fig.  7-12.  Radlal-whoal  blowsr. 


speed  Therefore,  for  applications  over  a 
wide  range  of  altitude,  the  axial-flow  blower 
must  be  considered  as  a  constant  opcrating- 
p-int  machine, 

3-  Length  and  composite  structure.  Since 
the  presaurc-productng  ability  of  a  single 
stags  Is  small,  tho  .,oed  for  pressure  ratios 
of  two  and  greater  would  necessitate  many 
stages.  For  small  units,  this  may  easily  lead 
to  excessive  length  and  weight  Also,  for  such 
small  units  .requiring  several  stages,  the 
construction  of  stator  and  rotor  assemblies 
would  Involve  considerable  complication  and 
higher  cost  than  for  equivalent  centrifugal 
units. 

Advantages,  Centrifugal  Blowers  Centri¬ 
fugal  blowery  have  t)ie  'following  aHvantages: 

1.  High  pressure  ratio.  Tho  pressure  pro¬ 
duction  per  stage  it?  high  compared  to  the 
axial-flow  blower,  and  It  would  .•ippe.i’-  that 
rx)  more  than  a  single -stage  unit  would  ever 
be  required  In  tho  altitude  range  from  sea 
level  to  70,000  feet.  This  avoids  the  necessary 
complications  Involved  In  multi  staging  ma¬ 
chine  e. 

2-  Light  weight.  F  xcause  of  tholr  high  head 
per  stage  capabilities,  such  unit*  can  be 
relatively  light  tn  weight  for  a  given  required 
pressure  production. 

3.  Flexibility  of  operation.  The  ope  rat  tr. 
characteristics  are  considerably  more  flexible 
than  those  esf  the  axial-flow  blower,  lire 
permissible  variation  in  capacity  at  any  given 
speed  without  encountering  an  unstable  pulsat¬ 
ing  or  surging  flow  Is  greater  by  far  than  that 
for  the  axial  flow  unit.  Also,  .c  efficiency  does 
not  charge  as  abruptly  with  variation  incapac¬ 


ity.  For  theoo  reasons,  control  by  throwing 
or  bleeding  has  greater  inherent  posolblllileit. 

4.  Ease  of  coniroL  For  centrifugal  blowers, 
development  cf  control  methods  seams  far 
more  feasible.  For  example,  a  centrifugal  noli 
lends  itself  well  to  control  by  variable  rota¬ 
tional  speed,  variable  effective  impeller  width,, 
bleeding,  and  throttling,  sll  of  which  cao  bo 
considered  an  possible  methods  of  control. 
Individually  or  combined  Control  of  pressure 
production  by  speed  and  throttling  is  effective. 
Control  of  volume  flow  by  varying  the  impeller 
width,  either  by  movable  ahrouds  or  shielding, 
appears  to  bo  possible, 

5.  Compactness.  Centrifugal  blowers  can 
ho  designed  to  have  short  axial  length,  which 
In  some  applications  may  be  desirable  for- 
greater  compactness. 

Disadvantages,  Centrifugal  Blowers.  Cen¬ 
trifugal  blowers  have  the  following-*  disad¬ 
vantages; 

1.  Moderate  efficiency.  The  maximum  ef¬ 
ficiency  of  centrifugal  blowers  is  below  that 
of  the  axial -flow  blowers  and,  in  consequence 
the  power  requirements  are  greater.  In  gen¬ 
eral,  a  peak  operating  efficiency  of  55  parcel 
cannot  be  exceeded  for  smaller  units  such  as 
those  under  consideration. 

2.  Large  diameter.  The  overall  diameter 
.  f  the  centrifugal  blower  is  greater  than  that 
of  an  equivalent  nmUlutagcd  axial-flow  blower. 

3.  Ducting  complexity.  The  ducting  system 
required  for  centrifugal  blowers  Is  romcwhaS 
cumbersome  because  Installation.?  without  cd- 

ilon.il  ducta  and  elbows  are  generally  ooi 
possible.  Under  conditions  of  great  r.patisl 
limitations,  this  may  bo  a  serious  dlnsd- 
v  ant  age. 
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;®  Fans 


llis  piacsmsat  sf  two  or  soar®  fenfs  •  Sa  a 
common  Jrstreass  is  termed!  “staging”1'  and 
the  fans  a?®  referred  to  agT^ejuUisiaged  " 
fans/’  Usually,  the  fans  are  it  Rated  on  the 
same  shaft  with  the  necessary  partition  plates 
and  vanes  to  direct  the  sir  from  the  outlet 
of  one  impeller  to  the  inlet  of  the  next  More 
often  than  not,  staged  fans  have  identical 
impellers,  but  where  the  pressure  rise  i/3 
great  it  is  better  to  alter  the  impeller  di¬ 
mensions  so  that  the  maximum  efficiency  of 
ail  fans  occurs  under  the  same  conditions. 
Tne  axial-flow  fan  is  particularly  wall  adapted 
to  staging  for  high-pressure  worfc  Arranged 
with  alternate  rows  of  impeller  blades  and 
stationary  guide  vanes,  it  gives  much  the 
same  appearance  as  eoir.  steam  turbinee, 
Multistaged  axial-flow  "•’ns,  although  not  suited 
for  the  higher  pressures  obtainable  with  radial- 
wheel  fanj,  ate  still  flatting  ©ansiderable 
favor. 

The  net  effect  ol  staging  fans  to  that  th® 
total  pressure  is  the  sum  of  the  dividual, 
pressures  of  each  fan  rotor  while  tho  total 
capacity  is  essentially  that  of  oes  fas. 

Blower  Location 

When  a  propeller  fan  is  mounted  “up¬ 
stream"  as  an  air-intake  d"  -lce,  the  cooling 
air  is  drawn  first  over  the  physical  contour® 
of  the  motor.  In  tin..,  location  {see  Fig.  1-13) 
all  of  the  advantages  of  reduced  ambient  tem¬ 
perature  are  provided  to  the  motor,  increasing 
boa  sing  life  nnd  Improving  operating  char¬ 
acteristics  during  motos’  life.  However,  most 
of  the  power  input  to  the  fau  motor  is  added 
in  the  form  of  heat  tr  the  airstre.im  which 
flushes  the  area  to  be  cooled.  This  heat  rise 
reduces  tire  allowable  temperature  rise  with¬ 
in  the  chamber  being  cooled,  lowering  the 
efficiency  of  the  overall  cooling  system. 

Mounted  "downstream"  in  an  exhaust  ca¬ 
pacity,  the  fan  does  not  contribute  any  heat 
rise  to  the  temperature  of  the  cooling  air. 
However,  in  thic  location  the  fan  motor  is 
flushed  by  an  airstream  which  is  higher  in 
temperature  by  the  amount  of  the  heat  rise 
imparted  to  the  air  in  passing  through  the 
area  being  exhausted.  This  point  must  be 
considered  in  connection  with  the  allowable 
motor-winding  temperature  rise.  The  motor 
and  blower  may  be  mounted  on  the  Inside  of 
the  cabinet  and  the  air  pulled  in  to  keep  the 
cabinet  under  a  alight  overpressure.  By  UBing 
a  filtered  intake  port  in  conjunction  with  this 
type  of  blower  mounting  location,  the  accumu¬ 
lation  of  dust  can  be  greatly  minimised. 


Fig.  1-13.  Fan  locations  In  air  stream, 

GENERAL  CONSIDERATIONS 

Constant  or  Limited  Altitodo.  No  serious 
design  "problems  "arise  in  ihe  use  of  blowers 
for  equipment  operating  over  a  limited  range 
of  altitude.  Because  th®  rate  at  which  heat  is 
generated  la  the  equipment  is  constant,  re¬ 
gardless  of  the  altitude  at  which  it  is  operated, 
the  problem  at  constant  altitude  io  one  of 
calculating  the  volume  of  air  at  ambient  tem¬ 
perature  required  to  perform  the  cooling 
process. 

However,  if  the  altitude  range  io  great,  say 
from  sea  level  to  70,000  feet  or  higher,  ths 
design  and  control  of  cooling  systems.  In¬ 
cluding  that  of  forced  air  movement,  Becomes 
more  complex.  If  the  capacity  of  the  air 
movement  portion  of  the  cooling  system  is 
inadequate,  overheating  is  certain  to  occur 
at  the  higher  altitudes  if  the  equipment  is 
operated  at  full  rating  in  power  and  time.  Cm 
the  other  hand,  if  there  is  Inadequate  control 
of  the  ;ur  moving  system,  at  sea  level  more 
air  flow  than  needed  is  provided  with  resultant 
excess  power  consumption  (and  heat  dioolpa- 
tlon)  bv  the  blowers  and  decreased  efficiency. 

It  io  apparent  th.-(  the  worst  condition  is  the 
one  to  be  prepared  for  with  sufficient  control 
of  the  air  supply  system  so  Oiat  under  more 
».ivo ruble  conditions  the  rate  of  flow  can  bo 
decreased.  The  control  system  must  also  be 
able  to  compensate  for  varying  atmospheric 
air  temperature. 

In  designing  n  cooling  system  to  operate  ad 
appreciable  attitude,  the  quantities  and  values 
used  in  making  calculations  for  a  system  which 
ia  to  function  at  sea  level  atmosphere  must  be 
modified.  This  is  necessary  So  allow  for  the 
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change  in  air  denoity  {r/eighi  per  volume)  which 
decreases  rapidly  with  increasing  altitude  (css 
Fig.  7-14).  Accordingly,  in  applications  where 
the  weight  of  air  io  a  saeasure  of  effective- 
nass,  the  additional  air  volume  reguirsd  st 
high  altitude  a  must  fea  provided. 

Due  to  the  decreace  In  density,  the  volume 
o£  air  required  for  constant  weight  delivery 
at  60,000  feet  {assuming  constant  air  tem¬ 
perature)  is  15  times  that  required  at  sea 
leveL  It  io  expected  that  an  aircraft  cycling 
in  altitude  will  encounter  a  random  series  oi 
varying  air  densities.  Under  such  conditions, 
utilizing  an  air  reservoir  of  such  inconstancy, 
it  is  clear  that  a  constant-speed  fan  will  noi 
achieve  uniform  efficiency  In  moving  volumes 
of  air  by  weight  For  this  reason,  either 
aeries  motors  are  used  in  hlgh-altitude  ap¬ 
plications  because  of  their  inverse  relation¬ 
ship  between  running  speed  and  shaft  load, 
or  barometric  switches  are  employed  to  change 
motor-operating  conditions  to  Increase  the  air 
flow  in  inveros  relation  with  air  density  to 
maintain  constant  movement  of  al.r  by  weight 

Frequency  Considerations.  Variable  fre- 
quencyblowero  are  avallaBTs  which  will  op¬ 
erate  at  minimum  lose  of  power  over  the 
complete  range  of  frequencies  encountered  in 
aircraft  power  supplies  (from  320  to  1000 cps). 

Although  the  wide  variation  would  normally 
cause  large  swings  in  speed  and  cfm  output, 
this  type  of  blower  will  provide  a  substantially 
uniform  output  at  air  si  atmospheric  pressure. 
At  high  altitude,  the  speed  will  Increase, 
pro'-'diiig  additional  volume  of  cooling  air. 

Heat  Exchanger  Systems.  Within  recon t 
years  ttie  whole  problem  oT  reducing  the  op- 
ernti-  g  temperature  of  electronic  equipment 


t- 

g  ALTITUDE ,  THOUSANDS  OF  FEE  T 


Fig.  7-14.  Atmospheric  altitude- tV-nolty 
relationship. 


hao  been  studied  quite  thoroughly*  and  tfes 
literature  is  already  rather  ostsasivo-  Ths 
design  of  heat  exchanges'  system®,  fhs  as® 
of  ducting,  shields,  heat  sinks  sad  so  idr% 
sure  jsot  considered  lisro. 

■  Constant  Air  Flow  Vo.  Coaataat  Eforfseo 
Temperature,  la  calculating  and-nfeoigiilBg 
IHe  air-flow  system,  the  engineer  hao  three 
basic  method  a  or  bases:  (1)  constant  curte.cs 
temparatur®,  (2)  constant  weight  Jow  of  air0 
and  (3)  constant  air  fUscharg©  temps  ratals, 

Ths  Ohio  State  report  indicates  that  constant 
air  flow  at  increased  altitude  la  sot  only  un¬ 
necessary  to  maintain  constant  cooling  ca¬ 
pacity  but  that  U  ie  undesirable,  (1)  It  has  on® 
outstanding  characteristic  in  tint  It  provide  is 
for  the  utmost  safety  in  temperature  nine. a 
the  maximum  surface  temperature  wouldcccur 
at  sea  leveL  The  pressure  drop  of  a  particular 
system  described  In  the  Ohio  State  report  would 
be  194  percent  grentor  at  70  700  feel  than  for 
a  constant-dlscharge-temperahira  system,  ana 
tha  blower  power  required  would  bo  450  per¬ 
cent  greater.  Blowers  for  cocatant-ourfsce 
toiTspe  ratura  or  constaui-dischargo  fa  Bipara- 
fora  would  not  differ  very  greatly  fei  also. 

Blower  Control. 

Where  the  equipment  roust  operate  ucdor 
varying  conditions  of  altitude  or  amblsnt  ai. 
temperature,  some  moans  of  controlling  the 
flew  of  cooling  air  io  necessary.  Foroicampls, 

may  be  desirable  to  restrict  the  volume  of 
air  flushed  through  an  enclosure  to  that  which 
will  maintain  the  required  temperature  viao 
limitations.  Occasionally  conditions  have  been 
found  in  which  intermittent  operation  of  a  fan 
or  blower  has  .been  adequate  for  cooling  an 
enclosure;  for  example,  when  the  smbient 
temperature  or  the  dissipated  load  vary 
greatly.  Tho  hottest  location  within  tha  on- 
cloaure  should  be  selected  for  the  inetallatioa 
of  a  thermostatic  control  elemonl  which  will 
clone  the  blower  luput  power  circuit  when  tho 
ambient  temperature  roaches  an  arbitrarily 
imposed  upper  limit. 

Airflow  Interlock.  ’.There  the  safety  of  equip¬ 
ment  is  dependent  upon  continuity  of  airflow, 
tha  equipment  engineer  may  justifiably  call 
for  the  incorporation  of  an  alr-lntoriockliig 
control  element  to  guard  against  complete 
absence  of  air  or  again,,'  a  reduction  in  tha 
volume  of  air  below  s  sole  minimum  ’in¬ 
duction  io  the  volume  of  cooling  air  may 
result  from  pollution  of  dust  filters  or  rtf  heat 
exchanger  radiator*,  clogging  of  ftnned-anod® 
transmitting  tube  shields,  partial  loos  of 
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power  in  s  three-pha&a  system,  loose  boots, 
clsvags  or  flangeg  la  air  ducts,  and  go  oa- 

A  eslectlos  may  be  se&fe  between  static 
ps-e&sure  or  sir  velocity  to  provide  aciuatioE 
of  the  device.  Where  duct  work  io  used  is  a 
cooling  eysiesB,  either  a  static  pressure  or 
a  velocity -operated  device  may  be  used.  The 
velocity-operated  unit  la  preferred  in  this 
situation  since  the  static  pressure  element 
will  not  give  protection  in  case  of  clogging 
of  the  all  circuits  upstream  of  the  device. 

To  select  a  velocity -operated  switch  of  s 
proper  rating  for  its  application,  the  velocity 
of  tha  air  at.  the  Intended  location  af  t!u 
switch  must  be  established  If  ,1a  pcs  nib- a 
to  determine  this  -quantity  by  actual  measure¬ 
ment,  by  calculation  where  other  parameters 
are  known,  or  by  estimation  where  esperi«>ee 
makes  this  possible. 

To  measure  the  ah-  velocity,  a  Pitot  Ivbe, 
a  hot-wire  anemometer,  or  other  similar 
devices  car  be  held  trs  the  alrstreara  at  the 
exact  point  where  the  vane  of  tha  switch  will 
ultimately  bo  located  and  the  air  velocity 
road  from  thio  device. 

If  tha  cfna  delivery  of  the  fan  or  blower  is 
known  or  c.on  be  estimated  with  appreciable 
accuracy,  the  air  velocity  In  a  duct  at  the 
point  of  switch  insertion  can  bo  calculated. 
The  cubic-fcet-per-mlnute  fc/m)  figure  of 
air  which  passes  through  the  duct  Is  a  volume 
figure  and  should  not  fc«  confused  with  too 
feet  per  minute  which  is  a  velocity  figure. 
The  relationship  is 

Velocity  (foot  per  minute) 

cfm 

~  Area  of  duct  ( sq  T(l 

Whenever  a  velocity -operated  air  switch 
Is  to  be  operated  In  an  air  stream  consisting 
Of  nonstandard  nir  (departure  from  osa  level 
atmosphere),  the  sensitivity  of  the*  switch  will 
have  to  bo  adjusted  to  compensate  for  tbs 
air-density  gnullent. 

Axtat  Blower  Control.  For  applications  of 
large  cooling’  capjcUy~to  be  operated  only  at 
constant  altitude  and  for  long  flight  duration, 
use  of  an  axial -flow  blower  may  bo  justifiable. 
The  control  problem  would  not  exlot,  the  unit 
would  operate  at  the  design  point  only,  ami 
the  Inherent  high  efficiency  of  the  unit  would 
result  in  .eight  and  apace  savings.  However, 
if  highly  variable  flight  conditions  are  to  bo 
considered,  provisions  for  control  must  bo 


made  fe®£  croft!  not  easfljf  bt  met  with  as 
astol-ffijv?  salt  Operation  at  infinitely  vari¬ 
able  g^isssJ  ss®y  bs  feasible  to  a  limited  esuerds 
foist  irarSatioas  to  efficiency  and  Ja- 

stafoMsfy  &seaese  of  polratos  coaid  hardly 
te  awaids#.  Control  by  throttling  is  only 
feasible  tsvssr  a  very  narrow  range  becausa 
pulsation  is  usually  encountered  wfoee  t&e 
discharge  -PoSusne  is  reduced  10  to  15  jwr- 
c eai  foc.wro  feg  design  point  Control  by  bleed¬ 
ing  fe>  irsprastical  because  of  its  inherently 
poor  eoasssBy  and  because  the  efficiency 
decreaess  rabidly  as  tbs  discharge  volume 
is  increased  a  few  perceat  above  the  design 
p  oMt 

Stesfy  >si  &»  possibilities  ol  controlling  ths 
operation  tf  axial-flow  units  by  means  of 
varyteg  ite  asgle  of  tire  atatnr  and  rotor  vasss 
indicated  teat  ?.te  greatest  effect  on  extending 
ths  centres  range  can  ba  obtained  by  adjusting 
ihs  rotor  rma.  The  use  of  variable  vano 
setting  sffecs  the  efficiency  bid  not  to  the 
same  esteat  as  does  rrpeed  variation.  U  cm 
be  ^Kwsra  feat  adjustment  of  tfes  rotor  vasos 
over  aa  stnguUr  range  of  St)  to  30  dsgraes 
and  use  a?  four  operating  speeds  would  allow 
operation  vraAnr  stable  cordittons  from  ess 
level  to  ‘M,cl)0  feet  altitude,  while  meeting 
the  air  pwesuro  and  volume  requirements 
of  Use  ccoxisg  syo*s.m,  k  machine  of  extremsiy 
complicated  design  would  result,  which  does 
not  ttfpcm  sS  all  practical  in  terms  of  6 
blower  tor  systems  with  loss  than  iO-kw  cool¬ 
ing  capurliy-  to  contract,  vartotion  of  tbs 
etstor  vane  angles  is  rocchsatex  v  consider¬ 
ably  stospter  but  relatively  incviecttvs  sod 
would  pavfcuidy  ml  satisfy  the  control  re¬ 
quirements  wren  when  used  io  ecmturctioa 
with  onssMs rshie  speed  variation. 

Cgafrifc^g.l  Bio  wo  r  Control.  For  most  sgs-- 
©lira' toes  ef  blowers  to  tha  cooling  of  elec¬ 
tronic  coasjjoeents,  the  primary  re  quire  most 
la  Ore  eoctrol  of  pressure  production  and  flow 
volume,  to  general,  the  jwwer  require  monte 
for  p  reseat  cooling  problems  are  of  soi- 
flclcntly  low  artier  of  magnitude  that  extreme? 
eraphagia  c-.s  efficiency  doea  not  r.eera  to  bs 
porttosnt.  fsaamucis  ao  it  1»  necessary  to 
control  the  tsliv/a r  to  meet  the  cooling  requit  v  •• 
ruents,  a  fekrser  that  provides  for  the  mast- 
mum  Lo  CBsstroi  to  preferred  over  a  blower 
with  leea  oanirol  but  high  operating  efficiency. 
For  this  reason,  centrifugal  blowern  rhould 
be  rontem.piated  for  use  with  electror'c  equip- 
mao*  over  arkia  ranges  of  altitude. 

Kiimaroar  possible  methods  of  controlling 
the  flow  o£  oooibig  air  are  dlscuoaed  in  tbo 
Ohio  Btsto  report.  They  in  el  ode  variable 
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sudors,  variaMo-wws  widfe  (angle),  Meeting, 
throttling,  and  othasra. 

GEKSHAL  C0S1CS,®2£8I5§ 

JertaJn  general  ecEcIuoions  were  reached 
as  :i  result  pi  ths  atedy  a t  Ohio  State,  They 
are: 

1.  Centrifugal  fcfo®ep0  are  bad  suited  for 
use  in  to  cooling  cl  electrode  units  over 
wide  ranges  of  altifesde  because  they  are  more 
adaptable  to  a  wide  rsn^o  of  contra5-. 

%.  From  the  staa^soint  of  minimum  power 
requirements,  onirtl  tdow-or  dimensions  and 
moderate  operating  cjsoed,  heat  dissipating 
systems  should  fee  go  designed  as  to  obiata 
low-pressure  drops  that  should  preferably  nat 
exceed  1.0  inch  cd  water  at  saa  love!,  Cooling 
Sly  the  u,;s  of  largo  air  volume  with  limited 
tecaparatur  rise  is  preferable  to  cooling  wit£j 
smaller  sir  q,.,.  Mus»  and  larger  temperature 
rifl-BfJ, 

3.  Stowe ro  for  ass  with  ah-  cooling  systems 
are  feasible  at  70,48)3  feet,  The  power  require¬ 
ments  at  tilt's  s.Uteste  will  be  3-1/2  times  as 
great  as  required  d  -30,000  feet  and  7-1/3 
time  a  as  great  *a  rssrossary  at  90,000  feet 
Power  requimaeatn  »i  70,000  feet  could  be 
held  to  -within  0.5  hp  pur  &w  cooling  capacity 
provided  that  syetessss  with  sea-level  pressure 
drops  in  the  order  ©f  S.S  Inch  of  watsr  are 
utilised 

4.  For  best  blower  proportions,,  ins  uee  eS 
high  deoi.gn  speeds  is  primarily  desirable  for 
systems  Of  high  pressure  drop  or  systems 
of  mods;' sto  pressure  drop  with  small  ca~ 
p®city.  Blows rs  dosijjeed  for  units  with  mod¬ 
erate  pressure  drop  ssjsd  of  approci&blo  h-ss 
dlofoipation  capacity  is  tbs  order  of  3  to  5  fey? 
would  be  beat  designed  tor  operatloa  betweoa 
13,000  and  15,000  ryrs  for  maximum  altitudes 
of  70,000  feet 

5.  For  smallest  diameters  amt  bast  p re¬ 
po  rt  Ion  cd  impellers,  biasere  of  large  coo  Hag 
capacity  are  undesirable.  By  u ulnsr  lncreancd 
operating  speed  with  tescreanlr-g  design  alii  hide,, 
the  impeller  diameters  of  blower  units  wife 
cooling  capacities  ia  U-e  ord.s.r  of  1  few  could 
be  hold  between  4  sad  5  inches.  Increased 
cooling  capacity  requires  larger  diameters 
not  because  of  greater  pressure  requirements) 
but  because  of  the  necessity  of  reducing  ths 
operating  speed  to  maintain  b/ipellor  proper- 
Uono  so  that  ths  wklife  does  rot  become  un~ 
reasonably  Inrga 


6.  JVfost  faoo""M"'  ecatrol  for  sp©rati©nov©£' 

change r  de  in  ay  infinite-varinblo 

cipsed.  Step-i  >Mrol  aloes  mtken  to 
-aainienancs  o l  ©oastant  equipment  tempera^ 
(wires  impoaoMe.  Step-wAso  opceS  raiiatfcB 
tvltfe  bleeding  of  air  causes  axceseiva  power 
retyih-esnsnim  gtep-wieo  speed  variation  wife 
throttling  is  feasible  over  limited  ranges  of 
altitude  but  requires  excessive  motor  power 
at  Ste  esiromo  aiatndes.  Limited  width  write 
aSica  with  otep-wfcs  speed  control  and  tferoi- 
ftlin®  combined  is  favorable  from  the  standpolH'i 
of  power  coheuiaption  aa  well  aa  ti»  relativ© 
oimplicity  of  tho  method 

7.  Tits  rsrnga  of  speed  variation  from  70,000 
feet  altitude  to  m a  level  i a  la  to  order  of 
11  to  1;  from  80,000  feat  to  ae a  lev®!,  fs  speed 
rastgo  cf  shout  8  to  i  should  be  feasible. 

DHSVS  KOTORO 

Electric  inoioro  are  uccd  predominantly 
to  air-cooling  t&cbiuiquoe  for  electronic  equip¬ 
ment  bscausa  toy  are  close,  economical, 
email  ia  alas,  and  furtfcor,  because  toy 
deliver  accsfrfsbla  values  oi  horsepower  pa? 
unit  of  weight. 

The  ©election  of  a  motor  to  drive  as  irn- 
poller  should  ba  batted  on  ths  nature  of  site 
power  eource  to  bo  utilized,  th-s  o&edodhorso- 
po-.tO\'  dellrory,.  aliafi  tpecd  and  direction  of 
rotation,  and  weight  and  physical  dimonsiois*. 
Additional  conoideraffoas  concern  mounting 
methods  a>$d  details,  raaintenxnco  roquU'®- 
Ensnis,  and  eccegatbility  In  perforrolog  to 
typical  aiaintaaar.ee  schsdula.  Kotor  life  and 
•two  oi  rcplncsmest  are  prims  joints  to  bo 
investigated,  zs  wait  ata  availability  and  la- 
torcbsn-geabiUty  of  parts.  The  range  sad  nutum 
of  anticipated  operating  eoviroumout#  thouH 
fees  woifdtcd  .to  >Jt-o  select  tor.  of  tho  drive  jaotor 
is  y  re  portion  to  toir  po-ten-tia!  iafluciic-s  os 
epcrstleg:  stabfMty.- 

A  wlda  v&rtetj'  oi  motors  ie  availabte  aud 
to  design  ccginoor  ate  may  have  to  sysreFt'y 
such  a  motor  will  h;;v«  tso  difficulty  in  itodiog 
muueroua  osaiupten  which  will  do  to  JobhO 
has  !u  rated.  Ojisrattog  ciiaractorldtUto  ani! 
performance  figures  are  readily  avaJJsfete 
from  nsmserofio  is anufisciure rs, 

a-C  Motors 

For  most  appUcs'tons,  d-c  mo  tore  of  fee 
eSusnt-woujid  or  com  pound- tatmad  types  aro 
used.  Ia  to  jimaiie-r  siscB  ( ryp rez Inua S-? iy 
S/20  hp  sod  Iwiovr),  sboat-woond  motors  are- 
adasdard,  aboreaj  to  larger  motors  ars 


eoaiBouad  trouai  “iljs  EOj’SeQ-uoiMsd  EioCor 
is  used  where  ills  varying  Bpeod  characteristic 
and  high  no-load  apsed  aro  d'Ssirabla.  t 
develops  k  high  starting  iojrqns  £saS  has  & 
lisaited  output  at  the  higher  upoado.  Hopsenr-ftar 
ihat  .a  «?  c  motor  uees  torushss  and  may  be 
unaatiate  tory  la  applications  vshJch  eaasatf 
tolerate  ’sctrieai  noise-  or  In  volatile  ©r 
explosive  environments  which  might  be  Jeop¬ 
ardized  through  tha  generation  of  electrical 
oparhin*j. 

Stators  are  available  In  finned  cases  which 
dlostoate  beat  readily,  thereby  snaintatoisg 
low  winding- temp®  raturo  rinse.  In  “ir-?- 
c  tropin”  installations,  the  motor  iemparstase 
rise  is  held  down  by  the  intake  airflow,  irvt 
is  passed  on  to  iha  chamber  to  ba  cookd, 
fc  “downstream”  locations,  the  ism  windiag 
fcempp-ature  is  increased  by  the  warn  exhacot 
airilo'.-j  and  this  condition  may  require  a 
special  motor  featuring  a  low  winding-tem¬ 
po  rature  rise  characteristic. 

D-C  raotors  arc  available  in  6-,  12-,  23- 
to  28-,  105-  to  125-,  and  220- volt  types  aed 
provide  a  very  wide  selection  of  fcoresposor 
range#. 

A-C  Single-Phase  Motorg 

Slngle-phass  motors  are  available  to  a 
variety  of  bypea  (oeo  Fig.  7-18).  PractlcaKv 
all  operate  an  squirrel-cag®  Induction  raotora. 
Since  a  einglo-phaso  induction  motor  does 
oot  develop  any  starting  ten-quo,  it  must  te* 
provided  with  aa  auxiliary  «  to  rttag- winding  or 
phaue-shiftiog  device,  Tho essential difference 
between  tha  various  typos  of  olrgle -phase 
motors  lit- a  in  the  type  of  f?tartiag-wt  acting  or 
phase -shifting  device  employed, 

Series-Wound  Mctpra.  Use  soriae-wasd 
single-piiaoe  motor  is  similar  Ln  constructica 
and  principle  of  operation  to  the  oorles-wound 
d-c  molor.  It  employe  a  ntati  ary  fioid  wind¬ 
ing  and  a  commutated  rotor  vurraaturo  wind¬ 
ing),  the  two  connected  in  ossrlca.  Lite  toe 
series  d-c  motor,  its  speed  increases  as  iho 
load  docreaesa  Useful  load  speeds  rsrsgo 
from  5000  to  10,000  rpn.i;  no-load  speeds 
range  from  1G0  to  300  percent  of  lull-lord 
speeds.  The  principal  advantages  of  series 
motors  arc  thole  extreme  cosnpcctseos  acd 
light  weight  ln  relation  to  tha  power  delivered. 
There  motors  are  available  for  operation  *5 
ail  stogie-phnoo  lino  voltages  and  at  fre¬ 
quencies  of  50,  SO,  wx!  330  to  1000  cycle*. 
Ihlo  type  ol  mo-ior  !u-;0  tha  name  din "toanisgea 
au  the  d-c  oorlea-wcund  motor  with  respect 
to  electrical  r>oto«.  Because  of  its  commatatod 


srmstare,  avoid ustegfiis  serfeowscad oiagi©- 
phase  motor  is  explosive  environment*  and  fa 
■otmospherao  contaminating  to  «h®  coaBEraiatar 
material.  S&iateaaEee  mpirens^Bts  caH  f©r 
replacement  of  brwthes,  eleaaiag  of  catssrrata- 
tor,  nM  t  ■’"fjsfcwal  tebrfeatim, 

Shadad-Pole  Motors.  Shadcd-pole  saotors 
feature  n  squirrel-cage  rotor  winding  sod  a 
concentric  ally -wound  aicgle-phaca  stator 
winding.  A  portion  cl  each  stator  pole  is 
“shaded’’  by  a  single  turn  of  heavy  eappo? 
wire.  Current  out  of  gthara  with  tfes  currenft 
in  the  main  winding  to  induced  in  tfea  shading 
coiL  A  revolving  magnotic  field  re  cults,  simi¬ 
lar  to  that  of  a  polyphase  teiuettoa  motor, 
and  starting  torque  to  dsvsloped.  EJotors  of 
this  type  are  lnaiilctont  and  haw  low  starting 
torqus,  Eowerer,  in  small  sizes  they  are  tee 
most  economical  design.  They  at©  arj-sd  la 
ratings  up  to  about  1/25  hp  for  email  fans. 
Tho  shaded-polc  motor  So  as®d  whore  low- 
temperaturs  starting  or  high  storttag  torqpa 
are  no-t  Important.  'Atsesw  motors  rs-atrs  bo 
centrifugal-type  starting  switch  since  tfco 
sbadtaj  colls  in  the  etato?  pnwtece  «  rei>!tiag 
field  tor  staj-tiog.  iha  apso&  regulars#  So  oa 
too  order  of  15  percent  and  the  efficiency  is 
Sower  tiian  that  csf  live  Sp5i4  sihr.se  si  tbs 
cspocHos’-oiart  motor.  Too  chaded-gcls Eiotoy 
ia  not  ravaroible  oxcepv  with  special  tteal^B, 
Since  this  type  of  motor  hao  do  cccnmatetor 
or  bnirhso,  tsalateaance  to  sirapUfisd. 

BpHt-Fhaga  Induction  Ko'torff.  Splii-pi'saao 
induction-  moioro~Savo' ’sqit&rSt-cega  rotary 
cod  two-phacs  otatoro  with  ono  of  iho  phases 
.rouixl  (or  relatively  higli  raoistaor®.  Eincc 
the  ratio*  oi  reaSgtimco  to  rcuctaisco  of  &s 
two  piiasco  are  txi  ecusl,  the  curroi'.i*  in  ths 
windings  ara  aot  of  the  asms  time -phase,  hut 
Kpprocch  ibe  relations  of  a  tree  reo-pha*® 
motor.  Hence,  a  re  tlvtaj  magnetic  field  is 
ptvuuc'-ci  rjkI  torque  is  developed.  Tho  high- 
realotanc©  winding,  becaucc-  of  Its  hlgfa!o.aseo, 
must  bo  dlff-corsvected  before  th-o  motor  gets 
up  to  speed.  The  disco  onset  lug  owitch  aaially 
i;?  operated  by  s  centrifugal  mechaalem  an. 
the  rotor  at  78  percent  of  isomins!  speed. 
From  that  point,  strceloratloa  continues  on  ay 
to  normal  speed,  Thsao  motors  nr ®  snitrtal® 
for  starting  at  low  temperatures  and  are  vM 
rovorplbla  without  stopping,  except  with  apscM 
do  sign.  Speed  rep* 'tail on  io  good  '!bost  3  to  8 
percent),  which  is  a  charade  static  of  all 
squirrel -cage  Induction  motors.  Spcctal  cto- 
slgns  can  bo  had  with  eomewhat  more  etartincj 
torque  ,ai  some  lore  ta  efficiency,  potr-er 
factor,  or  speed  regulation.  Thee®  reotorj 
ore  used  in  ratings  from  1/50  to  1/3  !q>. 


Capacitor  Motors.  Capacitor  motors  fall 
into  three  categories:  capacitor-atari,  eplit- 
eapaeitor,  are!  iwo-valuo  capacitor  "'otora 

1.  The?  capacltor-alart  motor  has  a  wjuli  rel¬ 
ease  rotor  and  a  main  winding  and  an  auxiliary 
winding  on  Use  stator.  A  capacitor  (frequently 
mounted  on  top  of  the  motor)  lo  connected  la 
flertee  with  the  auxiliary  winding  to  provide 
the  nocceoary  phase  shift  oi  the  current  flow¬ 


ing  through  it  Since  the  capacitor  is  rated  for 
intermittent  oarvtce  only,  it  must  ire  dis¬ 
connected  for  normal  operation,  usually  by  * 
centrifugal  mechaalara  on  the  rotor.  At  low 
temporaturea,  the  starting  capacitor  exhibit# 
the  characteristics  of  a  high  resistance  and, 
(Miens  the  capacitor  la  mounted  In  a  separate, 
heated  space,  the  rector  Iosco  Its  quick- 
starting  choracterUUca  below  about  0  C.  The 
motor  Is  not  reversible  while  running,  except 


by  apscial  dsaJga,  Capaeltor-atart  motorc 
are  available  la  k'sX&mi  Isom  I/O,  to  1 1®. 

3.  The  sjtliJ-capscilor  motor  io  cossscfbat 
similar  to  tho  capacitor-etar!  motor  except 
that  the  capacitor  csaisectod  la  series  v;lth  i&3 
auxiliary  winding  la  rated  for  continuous  op¬ 
eration  and  is  left  5a  tbs  circuit,  running  afl 
well  as  starting.  Furthermore,  the  capacitor 
is  selected  to  give  best  operation  (maximum 
efficiency  and  mtefsauas  coiso  and  vibration), 
at  full  speed  at  a  sacrifice  i»  starting  char¬ 
acteristics.  As  a  remit  these  motors  develop 
only  40  to  80  perosni  starting  torque  and  can 
be  applied  only  to  easily  started  loads  ouch 
no  direct-connected  fans  and  blowers.  Two- 
speed  or  adjustable-speed  operation  of  fans 
and  blowers  is  often  provided  by  controllers 
that  vary  the  roltogffi  impressed  on  the  motor 
(eaa  Fig.  7-101 

3.  The  tevo-vaiwo  capacitor-  motor  usee 
different  values  of  effective  eapacitanco  in 
series  with  too  auxiliary  wind  tog  during  run¬ 
ning  and  storting.  M:  usually  bns  a  continu¬ 
ously- rated  capacitor  that  remains  in  the 
circuit  during  starting  and  running,  and  so 
intermittently- rated  capacitor  that  ia  in  Uvs 
circuit  during  starting  only.  Therefore,  tiro 
motor  baa  a  high  starting  torque  so  well  es 
good  running  chargctorlstics. 

Synchro  nous  fetotorc  Synchronous  motors 
In  the  small-power  at-og  usually  are  built  as 
reluctance  motors,  'Sft®  etators  ero  similar 
to  those  of  slngte-pSutso  Induction  nx>to rs  and 
may  be  of  too  ehaded-polc,  epllt-phaso,  ear 
capacitor  type.  Hie  rotor  has  a  squirrel -cage 
winding  aod  too  core  is  shaped  to  provide 
projectiono  (salient  poles)  corresponding  to  too 
number  of  poieo  for  which  ths  stator  is  wound. 
The  motor  starts  as  an  induction  motor,  but 
after  reaching  a  ayoed  near  rfyiichroniam,  is 
pulls  Into  step  becsiiqa  of  too  salient  twice, 
and  operates  exactly  at  synchronous  speed. 
Uni  too  to®  IniTgo -power  syacii  ronous  motor 
which  has  a  field  winding  on  tits  rotor  nupnllcd 
with  d-c  excitation  and  which  operates  with 
unity  or  loading  gowor  factor  with  high  ef¬ 
ficiency,  to®  reluctance  vnotor  oparatoo  at 
lagging  power  factor  and  has  a  rather  low 
efficiency.  Therefore,  It  to  only  used  where 
exact  synchronous  eps-cd  is  desirable. 

Another  typo  of  synchronove  motor  available 
In  the  small  nixes  is  the  hysteresis  motor. 
Ito  construction  ia  almiltir  to  that  of  the 
reluctance  motor  except  that  tho  rotor  is 
perieciiy  cylindrical  and  does  not  have  a 
squirrel -cage  winding.  Its  operation  depends 
upon  tlie  pormaao-ni  magnetism  induced  In 


too  rotor  by  the  magnetic  field  of  the  stator. 
S  develop*)  a  constant  torque  from  aero  to 
synchronous  spesdl  The  fact  that  neither 
airborne  aor  ground  military  power  source* 
ueceesarfly  have  frequency  stabilization  should 
be  remembered  by  the  deoigner  when  synchro¬ 
nous  motors  of  the  reluctance  type  are  em¬ 
power.  With  varying  frequency,  synchronous 
speed  to  not  necessarily  constant  spaed, 

A-C  Polyphase  Motor* 

tlie  small-power  field,  polyphase  squirrol- 
cage  induction  motors  meet  the  requirements 
of  practically  all  applications.  They  develop 
a  high  starting  torque  with  u  starting  current 
well  within  tho  limits  of  polyphase  systems, 
Thair  efficiencies  are  olijiitly  higher  than 
those  of  a  ingle-phase  motors.  Polyphase 
motors  are  generally  available  in  sizes  of 
:./G  hp  and  larger  at  110,  230,  440,  and  550 
wolis.  This  type  of  motor  requires  the  smallest 
frame  size  for  a  given  horsepower.  Motor* 
may  be  selected  for  operation  from  50-,  G0-, 
and  400-cycle  power  sources.  They  require 
little  or  no  maintenance.  Polyphase  synchro¬ 
nous  motors  of  tho  reluctance  typo  are  em¬ 
ployed  when  exact  synchronous  speed  If;  re¬ 
quired,  provided  too  power  source  to  fre- 
cjwoncy  stabilized.  Thay  are  similar  to  the 
siaglc-phasa  motors  of  thl<s  typo  except  that 
no  starling-winding  or  phaso-spUttlus  device 
io  necessary. 

Universal  Motors 

Universal-typo  motors  operate  from  elngla- 
phace  o-c  or  from  d-c  power  sources.  All  are 
of  the  Eories-wound  type,  with  a  field  winding 
on  too  stator  connected  in  series  with  a  com¬ 
mutated  winding  on  toe  rotor.  The  straight 
csries -wound  rotor  has  a  aalient-pole  Hold 
winding  on  toe  stator.  The  comper.wf.ated 
fi-arlas- wound  motor  has  f>  distributed  winding 
arranged  in  slots  around  the;  pariphory  of  the 
stator.  The  latter  has  the  advantages  of  hotter 
speed  regulation  and  commutation  and  high  nr 
starling  torque;  toe  former  Is  simpler  in  con¬ 
struction  ssJJCt  more  anally  ventilated.  Gener¬ 
ally,  too  straight  so rice -wound  motor  it)  used 
In  sizes  up  to  approximately  1/3  hp  and  the 
compensated  serles-w-ov'd  motor  is  employed 
in  the  larger  nlsoa.  Typical  fud-load  opeedie 
are  from  5000  to  10,000  rpm  with  no-load 
r-peods  ranging  from  12,000  to  10,000  rpm. 

Temperature  flatlngn 

The  allowable  rise  of  small -power  motors 
(measured  by  thormometor)  is  40  C  for  gen- 
crai-pvirpoa?,  open-typo  motors,  and  55  C  for 
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Fig.  7- IS.  WJrlnf  roe  • -{torts  of  tSual-roltag*  a-c  motors  tor  clocXwl»«  !n?)  os' 
coun<  ere  locks-!  s«  (ec-cj  jlatlcs- 


cpr c  i  al  - po rpo b a  type®  (dripprcof  and  such 
varieties).  Those  figures  dsnoto  {ha  increase 
in  tomporaturc  which  will  t»£  be  exce.Jcd 
whan  ils-s  motor  carries  Ha  rated  loci  con¬ 
tinuously  (or  tor  a  specified  time  in  the  cans 
of  thort-timo-rated  motors). 

Temperature -•  rice  ratings  are  usually  made 
oa  the  basis  of  normal  ventilation,  an  altitucte 


Of  not  more  than  1000  meters.  (3300  feat) 
.  d  an  ambient  temperature  of  40  C.  At 
higher  altitudes.  loss  effective  dissipation  of 
heat  cauocfl  a  higher  motor  temperature  rise. 
This  rise  assumes  appreciable  valuo  about 
3300  fee t,  and  from  that  point  iocraacee  at  a 
rata  which  can  be  approximated  an  of  1  per¬ 
cent  of  ambient  at  sea  l-orel  for  each  addi¬ 
tional  330-foot  increment  of  Altitude.  Ex- 


pfBase^  as  an  equates!,  thi*  appear*  as 
to 


LI  -  0i/3S,C3©) 

tliltR 5 

«  temperature  rise  af  altitude  & 

40  =  temperature  rise  at  coa  leval 
fe  »  altitud;?  in  feet 

Thus,  a  motor  having  a  temperature  rise  cf 
40  C  ai  eaa  level  will  have,  at  9800  feet,  a 
tsszjwratttro  rise  of 

40 

^  ”  i.l  -  (0960/3^,000)  ”  30  C 

Tbe  allowable  temperature  rise  Is  deter¬ 
mined  primarily  fi\.  a  the  type  of  insulate.- 
utilised  io  the  motor  const  ruction,  Cissn  A 
insulation  hap  an  upper  temparatur®  limit  og" 
103  C.  Operation  in  excess  of  this  tampers - 
tare  may  cause  extensive  damage  to  the 
motor.  In  Class  8  Insulation,  the  upper  tem- 
perature  limit  is  fixed  at  125  C.  Class  A  in¬ 
sulation  is  standard  for  moat  typos  of  motors, 
s»i  Claso  .8  can  be  had  at  Increased  cost, 

Siotor  SnsuUticns 


Class  A:  (1)  Cotton,  3ilk,  paper,  and  eirai- 
lar  orgs-Jc  materials  when  either  impreg¬ 
nated  or  immersed  in  liquid  dlelectsic,  (S) 
molded  and  laminated  material*  with  cellu¬ 
lose  filler,  phenolic  resins,  and  oilier  resin* 
of  similar  properties,  (3)  films  and  sheds  c l 
cellulose  acetate  and  other  coltuloec  deriva¬ 
tives  of  similar  properties,  and  (4)  varnishes 
(enamel)  es  applied  to  conductors,  Tbs  top 
allowable  teroperaturc  for  Claes  A  InsulsUoo 
fg  105  C.  So  my)  Claim  A  Insulations  arc  ssa- 
dosirahie  for  military  applications.  For  it- 
sianee,  MU,-E-5iOS  prohiblte-  the  use  of 
paper. 

Class  B:  Inorganic  materials  such  ss  mien 
said  a*>be»tos  in  built-  up  form,  combiood  wltfc 
binding  substances.  If  Class  A  material  is 
u>:ed  in  email  quantities  io  coniuneUcus  with 
Clare  B,  lev  structural  purposes  wily,  tho 
combined  material  may  be  cencldvred  Clans 
B,  provided  t.h?  electrical  and  mechanics! 
presserttea  of  tho  insulated  winding  are  rat 
Impaired  by  the  application  of  tbs  tempera¬ 
ture  permitted  .or  Class  B  material,  (lb* 
void  “impair”  !»  used  he re  In  the  cetis-a  of 
ceasing  any  change  that  could  disqualify  ths 
insulating  material  for  continuous  rsrvic*.) 


Tfea  maximum  sHowsbls  temperature  for 
Class  b  insulatioa  ie  125  C. 

Class  C:  Inorganic  materials  such  as  par© 
mica,  porcelain,  quartz,  and  similar  mnte ri¬ 
al  a.  Tho  maximum  allowable  temperature  for 
Claus  C  insulatioa  is  150  C 

Claes  H:  (1)  Rica,  aabe-stos,  glaBa  fiber, 
::r.d  similar  inorganic  materials  ia  built-up 
form  with  binding  substances  composed  erf 
silicone  compounds,  or  materials  with  equiv¬ 
alent  properties,  and  (2)  silicons  compounds 
is  s-ubbery  or  resinous  forms  or  materials 
with  equivalent  properties.  A  minuto  propar- 
ttes  of  Clase  A  materials  may  be  need  only 
chore  eesentiaJ  for  structural  purposes  dur¬ 
ing  manufacture,  providing  the  electrical  and 
mechanical  properties  of  the  insulated  vrtod- 
ivg  are  not  Impaired  by  the  application  of  the 
temperature  permitted  for  Claes  H  material. 
The  peak  allowable  temperature  for  Class  12 
insulation  Is  180  C. 

Clnaa  O:  Cotton,  elite,  paper,  and  similar 
organic  mater  laic  when  neither  Impregnated 
nor  oil-Lmnierssd.  The  maximum  allowable 
temperature  for  Class  O  insulation  is  00  C. 

footer  Speed  Characteristics 

Motors  aro  clanoifled  according  to  their 
speed  characteristic?  a*  follows; 

1.  Constant  speed-  A  constant  speed  molar 
exhibits  no  appreciable  change  in  speed  with 
•'wel&ltoe  lu  load. 

Varying  speed.  A  varying  speed  motor 
r....oes sea  inversely  rotated  epee-cl -load  char¬ 
acteristics,  that  la,  speod  decreases  with  iB- 
creooing  load, 

3.  Adjustable  speed.  An  adjustable  speed 
iDoior  permit*  fipeed  control  ovor  a  fairly 
broad  rang"  A  change  in  load  has  no  effect 
ce  rpeed  one*  set 

•  >* 

4.  Adjustable  varying  Speed.  An  adjustable 
varying  speed  motor  la  one  in  which  the  speed 
car.  bo  varied  over  a  fairly  broad  range.  Once 
speed  hao  been  adjualed,  it  i»  subject  to  vari¬ 
ation  due  to  a  change  In  load. 

5.  bite tl speed.  A  multispeed  motor  has 
several  different  speeds,  each  Rejected  by 
eowiected  poles  in  a  specific  electrical  eons- 
binaticei. 
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Kotor  Tempts 

The  full-load  torque  of  a  motor  le  estab¬ 
lished  by  ito  horsepower  and  speed  rating  a* 
foiiOSK 

Full-load  torque  =  5250  x  — ^ °?-e--  (in  lb-11) 

rpm 

The  various  torques  associated  with  motor 
performance  are  defined  as  follows; 

i.  Starting  torque  of  a  motor  is  the  torque 
developed  at  zero  speed.  In  a-c  motors  it  is 
the  minimum  torque  for  ail  angular  positions 
of  the  rotor,  with  rated  voltage  and  frequency 
applied  to  the  motor. 

X  Pull-up  torquo  is  die  minimum  external 
torque  cto-,  doped  by  the  motor  during  the  pe¬ 
riod  of  acceleration  from  rest  to  the  speed  at 
which  breakdown  torquo  occurs-  For  motors 
that  do  not  have  a  definite  breakdown,  the 
puh-up  torque  le  the  minimum  mrque  de¬ 
veloped  up  to  a  rated  epeod. 

3.  Hated  breakdown  torque  of  an  a-c  motor 
is  Iho  torque  the  motor  will  carry  with  rated 
voltage  nnd  frequency  without  an  abrupt  drop 
In  speed,  tt  indicates  the  peak  load  tho  motor 
esn  carry  without  stalling  or  decelerating  to 
a  to  war  speed. 

<L  Pull-in  torque  of  a  synchronous  motor 
to  the  maximum  constant  torque  under  which 
the  motor  will  peril  its  connected  inortia  load 
Into  synchronism,  at  rated  voltage  and  fre- 
quracy,  when  its  field  excitation  le  applied. 

5.  Pull-out  torque  of  a  eyneh ronoue  motor 
la  the  maximum  sustained  torque  the  motor 
will  develop  st  synchronous  spetxi  for  one 
minute,  with  rated  voltage,  rated  frequency, 
and  -jormal  excitation. 

Kudt-Spoed  Limitations 

When  Induction  motors  are  used,  iho  maxi¬ 
mum  obtainable  shaft  speed  is  3150  rpm  ior 
SO  cps,  and  2875  ipm  ior  50  cps.  For  400 
cps,  there  is  generally  a  choice  between  ap¬ 
proximately  3700  rpm,  5100  rpm,  7200  rpm, 
10,500  rpm  and  21,000  rpm.  If  a  commutator- 
type  motor  is  need,  either  a-c  or  d-c,  tl>e 
maximum  shaft  speed  Is  roughly  10,000  rpm 
for  "miniature”  motors  and  l-oughly  5000 
rpra  for  small  motors  of  below  1/20  hp. 
Cornsnulaior-type  motors  are  generally 
avoided  beCMu:.'  of  appreciable  mu  interlace  *■ 
rc.  elroroenis. 


Electrieal  Noise 

Commutator- typs  motor*,  either  a-c  ax 
d-c,  are  a  constant  eource  of  sparking  while 
in  operation.  Such  epas-ktog  creates  electrical 
interference  of  an  intensity  depending  upon 
the  magnitude  of  voltage  and  current  involved. 
Tbs  electrical  noise  thiis  produced  may  be 
periodic  or  aperiodic  in  nature,  and  may  vary 
over  a  very  broad  frequency  band.  Thif.’  rodJ- 
ation  may  jeopardize  the  efficient  operation  of 
electronic  equipment  at  varying  disfaacos 
from  the  source.  For  example,  impulse- 
operated  coding  equipment  and  computer® 
may  be  triggered  by  false  commands  In  u 
random  pattern  by  each  radiation.  When  this 
problem  arlees,  tks  solution  involves  shield¬ 
ing  or  suppreoflloi.’,  or  both. 

Enclosures 

Electric  motors  are  available  in  various 
kinds  of  enclosures  for  ueo  in  various  opera¬ 
ting  and  environmental  conditions.  An  opan- 
type  motor  is  one  is  which  no  roetotance  in 
presented  to  toe  flow  of  ventilating  sir  by  the 
motor  other  than  that  necessitated  by  me¬ 
chanical  construction.  A  totally  enclosed 
motor  in  defined  as  oue  which  parmits  no 
free  exchange  of  air  between  the  inuide  and 
outside  o i  iho  case.  This  is  not  meant  to  im¬ 
ply  that  the  cape  is  airtight,  but  that  It  Is  suf¬ 
ficiently  sealed  to  protect  the  motor  from 
dirt,  moisture,  chsroical  fumes,  or  other 
harmful  atmospheric  Ingredients.  A  totally 
enclosed  fan-cooied  motor  is  equipped  for 
exterior  cooling  by  n  fan  or  fans  integral 
with  the  motor,  but  external  to  the  enclooing 
parts.  A  protected  motor  is  one  to  which  all 
ven to  in  the  motor  case  are  protected  by  a 
rootal  screen  or  perforated  shield  io  pro  vent 
accidental  contact  with  live  or  rotating  parts 
within  the  case. 

A  dripproof  motor  in  one  in  which  the  ven¬ 
tilated  openings  are  eo  con  fit  roc  ted  that  drong 
of  liquid  or  solid  particles  falling  on  the 
motor  at  any  angle  not  greater  than  15  de- 
greee  from  the  vertical  cawtoi  enter  the 
motor  either  directly  or  by  einMng  and  run¬ 
ning  aiong  a  horizontal  or  Inwardly  inclined 
surface.  A  uplat-hproef  motor  Is  one  to  which 
the  ventilating  openings  are  oo  constructed 
that  drops  o-f  liquid  or  rjolld  particleo  falling 
on  the  machine  or  coming  towards  It  to  * 
straight  line  at  any  anj!.'-  not  greater  thars 
100  degrees  from  the  vertical  cannot  enter 
the  machine  either  directly  or  by  strlklnj 
and  running  along  a  surface,  /ui  e?xplosion- 
proof  motor  le  one  in  an  enclosing  case  de¬ 
signed  and  constructed  to  withstand  an  c-xpto- 
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oion  of  a  specified  gao  or  dust  that  may  oc¬ 
cur  within  it  and  to  prevent  the  ignition  of 
the  specified  gas  or  dual  surrounding  the 
motor  by  sparks,  flashes,,  or  explosions  that 
may  occur-  within  tea  motor  case. 

I.ScunUng 

Blower-motor  comblnatica*  ere  available 
which  mount  directly  against  the  bottom,  aide, 
or  top  of  the  enclosure  to  be  cooled.  To  mini¬ 
mise  transmission  of  any  residual  vibration 
from  motor  or  propeller  to  the  mounting  sup¬ 
port,  numerous  vibration  isolation  mounts 
may  be  procured  which  are  specifically  de¬ 
signed  to  accommodate  a  broad  range  of 
blower  motor  sizes  and  weights,  Mounting 
gpldero  with  nonstandard  brackets  facilitate 
and  simplify  mounting  blower-motor  assem¬ 
blies  of  many  shapes  and  configurations. 

In  mounting  tivs  Mo  war,  con  olds  ration 
should  be  given  to  efficiency  in  application, 
long  life,  freedom  from  vibration,  and  ready 
accessibility  for  maintenance,  such  ao  lubri¬ 
cation  of  the  motor  or  replacement  of  the  dust 
filter.  Where  sleeve  bearittgo  are  used,  hori¬ 
zontal  positioning  is  generally  preferable. 
Ball-bearings  permit  mounting  in  almost  any 
position. 

Dual  Purpose  Installations 

Where  space  limitations  and  power  supply 
boconie  a  problem,  dual-purpose  bioiallationj; 
are  eonietlruoo  used  to  drive  blowers.  In 
00:00  instances,  whera  dynamotors  are  used 
to  power  equipment,  tho  dynarroror  shaft 
carries  a  blower  rotor  or  fan.  One  such  Ui- 
ar?aIlatlo.n  has  an  axial  fan  on  one  end  of  tbs 
shaft  for  dynaniotor  cooling  and  an  axial 
blower  on  the  other  end  for  equipment  cool¬ 
ing.  A  more  compact  and  more  efficient  in¬ 
stallation  results. 

FILTERS 

Although  forced-air  flushing  of  equipment 
to  maintain  control  over  the  operating  tem¬ 
perature  can  contribute  greatly  to  tho  relia- 
bitlty  of  the  equipment,  it  can  aleo  defeat  Its 
pu rposc  Lf  tho  source  of  air  conta‘  .  contami¬ 
nating  agents  of  an  abrasive,  erosive,  or 
electrically  conductive  lulure.  When  the  air 
source  to  contaminated,  filters  are  neces¬ 
sary  tu  prevent  too  eiu.ance  of  such  agents 
into  the  equipment.  Filters  used  with  fans  and 
blowers  may  bo  of  the  Integra!  type  %-rhich 
form  a  part  of  the  blower  unit,  or  may  ha  of 
tho  type  that  can  be  r  moved  ;  d  replace'* 
qulckh.  and  e-ssily. 


TVo  types  arc  commercially  available:  the 
dry  filter  and  the  viscous  filter  (see 
Fig.  7-1 7).  Dry  filters  are  generally  of  the 
throw-away  variety  and  are  composed  ©I 
activated  carbon,  cloth,  spaa  glass,  hair,  etr 
a  cellulose  material.  Certain  classes  of  in¬ 
ters  can  be  cleaned  and  some  re-use  is  prac¬ 
tical;  other  filters  must  be  discarded  whes 
pollution  accumulates  to  a  point  which  makes 
subsequent  usage  ImpraciicaL 

Viscous  filters  make  use  of  the  properties, 
of  oil  in  capturing  particles  of  dust  Common 
practice  is  to  form  the  filter  medium  in 
graded  densities  so  that  the  coarser  material 
is  located  on  tire  inlet  side  of  the  filter.  This 
is  usually  mads  of  the  metal  fibers.  In  this 
way,  tho  larger  dust  particles  will  lodge  at 


1/2°  lover  of  i/2"  layer  of 

filter  pocking  filter  pecking 
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Fig.  T-S7.  Plover  fitter*:  (A)  Dry  typ*  u#lng 
Activated  carbon,  IB)  V t *t cut  type  uvlrx;  otl- 
ulunlad  (OUT  ntwilvaj. 
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this  point  and  may  be  more  easily  removed. 
In  some  viecous  filter*  the  filter  packing 
material  may  be  removed  and  replaced  with 
clean  packing  ci  an  identical  type. 

Filters  are  most  ireqnently  mounted  at  the 
air- Intake  port  ae  an  integral  jsari  o t  the 
blower-motor  unit,  although  it  is  not  uncom¬ 
mon  to  find  filters  located  st  equipment  air 
exit  ports  as  weLL  A  filter  is  used  at  an  exit 
port  when  duet  must  be  excluded  from  a  cabi¬ 
net  area  that  is  not  maintained  under  pres¬ 
surization.  Pressurizing  alone  is  a  good 
means  of  keeping  out  dust 

The  selection  of  a  dust  filter  is  Influenced 
by  (1)  the  nature  of  the  dust,  (2)  the  dust  con¬ 
centration,  and  (3)  the  degree  of  maintenance 
ease  provided  for  cleaning  or  replacing  the 
litter. 

Air  Resistance 


The  efficiency  of  a  filter  to  trap  dust  de¬ 
creases  with  increasing  velocity  of  the  air 
through  the  filter.  Similarly,  the  air  resist¬ 
ance,  or  back  pressure,  which  a  filter  intro¬ 
duce#  in  the  air  stream  lncsx’a&L's  approxi¬ 
mately  as  the  square  of  the  sir  velocity,  B 
will  decrease  approximately  aa  the  c  qua  re  at 
the  filter  area.  The  air  resistance  presented 
by  the  filter  will  lncros<»e  almost  directly  as 
Us  thickness. 

FUtor  Area 


To  bo  most  successful,  ths  filter  area 
should  bo  as  large  as  conditions  will  penuit- 
Th  1  a  increases  the  dust-catching  ability,  de¬ 
creases  tho  required  frequency  of  filter  re¬ 
placement,  and  decreases  the  pressure  drop 
over  'he  filter.  In  the  ease  of  a  propeller  fan, 
decreased  back  pressure  will  result  in  a 
quieter  fan  and  possibly  allow  the  choice  of  a 
propeller  with  a  lower  pitch,  which  also  re¬ 
duces  noise.  The  blower  Intake  should  he 
fairly  evenly  distributed  over  toe  filter  are*, 
either  by  the  use  of  an  appropriate  inlet  com 
or  by  allowing  sufficient  space  In  a  filter  box 
'behind  the  (liter  for  the  air  to  even  out  over 
the  filter  area.  The  u*e  cf  Inlet  cones  Is  rec¬ 
ommended  whenever  the  Mover-Inlet  velocity 
Is  high.  In  this  case,  their  usage  reduces 
"entrance  losses”  at  the  blower  Intake.  These 
losses  ore  comparable  l-1  Impedance  mis¬ 
matching  Ln  electronic  circuitry. 

Pressure  Drop 


In  s  high-pressure  system,  the  presjano 
drop  over  the  filter  Is  a  relatively  tmall  per- 


caatage  of  the  total  proscare  drop  oa  ffas 
system.  Ac  increase  of  Iks  back  pressure 
over  die  filter  due  to  pollution,  therefore,  eaa 
he  expected  to  cauae  only  a  relatively  eiaaB 
decrease  la  the  volume  a£  circulating  ccof. 
air.  In  a  low-preeaure  system,  the  pressure 
drop  over  the  filter  may  bo  a  large  percent¬ 
age  of  the  total  pressure  generated  by  tbs  tea 
or  blower.  For  example,  a  centrifugal  blower 
cooling  a  eompartsuented  radar  receiver  may 
generate  from  2-  to  6-inch  static  pressur**. 
In  this  ease,  a  0.3-  to  6, 5 -inch  static  pres- 
cure  drop  over  the  filter  is  then  considered  a 
email  percentage.  However,  if  it  Is  a  pro¬ 
peller  fan  which  flushes  a  cabinet,  the  filter 
is  generally  ths  major  restriction  to  fea  air¬ 
flow  and  almost  the  entire  pressure-building 
capacity  of  the  fan  is  applied  to  overcome  the 
dust  filter  roeletacc®. 

In  relation  to  their  size  and  powc”  pro¬ 
peller  fans  move  largo  volumes  of  air  but  are 
expected  to  work  against  low  back  pressures 
only.  In  such  applications,  filters  of  high  ares 
and  low  density  are  required  to  minimise  the 
pressure  drop  due  to  the  filter. 

Because  the  pressure  drop  increases  ap¬ 
proximately  as  the  square  of  ths  velocity  of 
the  air  through  the  filter,  with  lucre  a  a  log 
velocity  a  pressure  loss  la  soon  reached 
which  constitutes  a  practical  limit-  Beyond 
this  point  so  much  extra  pressure  has  to  ba 
generated  by  the  fas  or  blower  for  over¬ 
coming  the  resistance  of  the  dust  filter  that 
the  extra  cost  (and  noise)  is  net  warranted 
by  the  saving  ln  dust  filter  exponso  (espena? 
of  ths  duet  filter  aa  well  as  ths  added  ex- 
pstiso  of  cabinet  space).  “Capacity'1  figures 
given  by  filter  manufacturers  are  generally 
based  eo  a  practical  upper  l-lmlt  velocity  ot 
300  ft/mto.  Tills  figure  ie  chosen  with  pri¬ 
mary  rcg.,rd  to  dual-catching  ability.  Coa- 
sld  "altono  of  allowable  back  pro  sours  may 
dictate  a  required  tower  velocity,  notably  is 
the  case  of  propeller  fans  used  to  flush 
cubicle#. 

Pollutkm 


With  Increasing  pollution,  too  resl’dance  of 
s  dust  filter  Increases,  that  l«,  the  back 
pressure  over  ths  filter  increases.  The  pe¬ 
riod  of  t  me  (rubic-teet-houro)  after  which  a 
dust  filter  is  to  bo  cleaned  or  replaced  de¬ 
pends  entirely  on  the  condition  of  the  sir  and 
.'any  vary  between  great  limit. 4.  The  Limits 
;■> rn  determined  by  the  quantity  of  air  moved 
per  unit  time  and  too  quality  of  the  dirt  per 
unit  volume  of  air.  Stoma  types  of  dirt  have  8 
greater  re  a  training-  action  when  caught  la  the 
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filter.  Therefore,  it  is  imp©  jlble  to  give  an 
indication  as  io  the  nurr>,  <sr  of  hours  of  use 
after  which  a  filter  should  be  cleaned.  Neither 
can  this  ba  judged  safely  from  the  exterior 
appearance  of  a  filter. 

Permanent-type  filters  can  be  cleaned  by 
washing  and  relubrication.  The  replacement- 
type  filters  can  be  cleaned  to  some  extent  by 
vacuum  cleaning.  With  this  type,  however, 
highest  efficiency  is  maintained  by  replace¬ 
ment 

BLOWER  MAINTENANCE 

Maintenance  problemo  should  always  be 
considered  during  selection  of  a  blower- 
motor  combination.  Operation  of  electronic 
equipment  in  many  cases  depends  on  proper 
cooling.  Becau.°  blower  rellab'lity  le  so 
highly  Important,  a  blower-motor  combination 
requiring  minimum  maintenance  may  be  pref¬ 
erable  to  a  combination  having  the  exact  do- 
sired  operating  characteristic e.  In  oome 
cases,  it  may  be  necessary  to  alter  blower 
requirements  to  fit  an  available  blower  with 
low-maintenance  requirements.  Easy  main¬ 
tenance  is  designed  into  an  installation  by 
selection  of  a  low-maintenance  blower -mo tor 
combination  and  designing  its  mounting  to 
provide  accessibility  and  adequate  breathing 
space.  Of  particular  Interest  from  a  main¬ 
tenance  pc-lnt  of  view  are  bearlngo,  brushes 
and  switches,  blower  sections,  and  filter®. 
When  a  blower-motor  combination  io  beir.5 
considered,  the  maintenance  of  these;  Home 
should  be  important  deciding  points. 

Bearingo 


A  grcarc-packed  coaled  ball  bo  a  ring  re¬ 
quires  no  maintenance  during  its  iwraia!  life. 
Motors  with  this  type  of  bearing  packed  with 
proper  groace  to  meet  extreme  operating 
conditions  are  readily  available  in  the  power 
range  required  lor  blower  application.  Simple 
a-c  induction  motors  with  isrslcd  bail  bear¬ 
ings  regularly  operate  6000  to  15,000  hours 
between  overhauls.  O11  the  other  hand,  sleeve 
bearings  re  go  I  re  regular  lubrication  and  are 
extremely  sensitive  to  lack  erf  lubrication,  if 
a  motor  with  a  sleeve  bearing  Is  selected, 
the  lubrication  schedule  specified  by  the  man¬ 
ufacturer  must  be  followed,  and  ike  lnstalla- 
1  .on  design  should  provide?  accessibility  to  th* 
lubrication  points. 

Brushes  and  Switches 


Commutated  root.  rs  bare  brushes,  while 
certain  inductance  motor  3  have  automatic 


cut-out  switches  that  control  starting  wind¬ 
ings.  In  some  installations  there  are  clashing 
relays.  Eacli  of  these  is  a  source  of  ssmto- 
tanance  problems.  Brushes  and  commutators 
are  susceptible  to  insidious  troubles  that 
cause  gradual  loss  of  power  output,  essccsicc? 
^parking,  commutator  gouging,  aad  short  cir¬ 
cuits.  Brushes  must  be  periodically  Inspected 
for  proper  surface  and  wear  to  assure  reli¬ 
able  operation  of  the  blower  installations. 
Similarly,  automatic  cut-out  switeboo  on  in¬ 
ductive  motors  require  periodic  inspection. 
Malfunction  of  this  switch  causes  excessive 
power  consumption  or  failure  of  toe  blower 
motor  to  start.  Both  of  these  maintenance 
problems  nre  eliminate.!  by  selection  of  a 
split-capacitor  motor.  Starting  relays  uv 
susceptible  io  contact  wear  and  sticking. 
Periodic  maintenance  should  include  inspec¬ 
tion  and  servicing  of  contact;?  and  adjustment 
of  too  relays. 

Blower  Section 

Primary  maintenance  consideration!?  io  tks 
blower  section  aid  accessibility  for  cleaning 
tha  blower  impeller  and  maintaining  th-s 
blowar  controls  if  any  are  used.  Operational 
times  between  blower  cleanings  are  largely 
determined  by  too  overhaul  period  of  tha 
motor.  In  severe  service,  it  may  be  neces¬ 
sary  to  clean  the  blower  more  often  unless 
filters  are  used 

Filter  ’'tolntcnance 

Maintenance  of  filters  is  a  matter  of  pe¬ 
riodic  cleaning  or  replacement  as  discussed 
under  tha  filter  section  above. 

MILITARY  SPECIFICATIONS 

Bureau  of  Ships  Specification  Electronic 
Equipment,  Naval  Ship  and  Shore:  Getstna! 
Specification  ICElfSiips)  covers  the  require- 
mente  applicable  to  design  and  construction 
of  ei-ctronlc  equipment  P  '.rag-rap'--  A  11.2 
Fofcec  Air  Cooling  of  this  specification  opc-ei- 
1 '•€!},  "Where  lor  red  air  cooling  is  used, 
dust  filters  will  bo  required.  F’"sra  shaLl  bo 
of  the  clear-able  type  capable  of  panning  air 
at  a  fr.ee  velocity  of  600  feet  per  minute  with 
an  accompanying  pressure  drop  across  tfes 
It  r  not  to  exceed  0.  IS5  Inch  water  gaga 
shcc  ?  titer  18  Loaded  with  dirt  to  0.021  pounds 
per  square  foot  (face  area).  Dirt  used  for 
testing  (liter  shall  consist  of  <3  percent  lijrf, 
43  percent  fly  ar-b,  .-uxi  9  percent  temp  black. 
1  liters  shall  be  tested  dry.  Size  and  method 
of  mounting  shall  tv  acceptable  to  the  bore  Hi 
concerned. "  Paragraph  3.3  Safety  to  Pcrr.oa- 


ael  covers  protection  measures  necessary  in 
Hesign  of  electronic  equipment  Under  this, 
paragraph  3.3.7  Mechanical  Protection  speci¬ 
fies  that,  “  Adequate  provisions  shall  be  mads 
to  protect  personnel  from  injury  due  to  mov¬ 
ing  parts — .”  Paragraph  3.7  covers  radio 
frequency  and  low  frequency  Interference 
(noise)  limitations.  In  similar  fashion,  the 
general  requirements  for  each  type  of  in¬ 
stallation  are  covered  .In  other  military  gen¬ 
eral  specification..!, 

\  motor-blower  combination  that  meets 
the  general  specification  roust  further  meet 
more  detailed  specifications.  For  instance, 
in  \  shipboard  Installation  employing  a  vane- 
axlsu  fan  of  fractional  horsepower  and  nn  a-c 
motoi ,  MIL-M-1705h(Ships)  Motors,  Alter¬ 
nating  Current,  Fractional  HP  (Shipboard 
Use),  and  MlL-F-189S3(Fhlps)  Fans,  Vane- 
axial  and  Tube  axial,  Fixed  and  Portable,  eo- 
tllatlon.  Naval  Shipboard  would  be  two  appli¬ 
cable  specifications.  These  refer  to  other  ap¬ 
plicable  specifications.  MIL-F-i8953(Shlps) 
under  “3.10  Type  A,  Vancaxlal  Fixed'1 — spec¬ 
ifies  the  requirements  oFihc  fail  and  the  type 
uf  motor,  bearings,  aod  controls  to  bo  em¬ 
ployed.  For  a  1/4-hp  fan,  a  continuous  duty, 
service  A,  1/4-hp,  b.  M  bearing  motor  meet¬ 
ing  the  requirements  of  the  procurement  doc¬ 
uments  Is  specified.  MIL-M-17059(Si;!pe) 
specifies  the  basic  requirements  to  bo  met 
by  such  a  qtotor. 

DO'S  AND  DON’T’S  TOR  BLOWER 
APPLICATIONS 

1.  Do  not  use  commutator-type  fan  motors 
in  volatile,  combuHtible,  or  exploitive  atmog- 
phe  res. 


2-  Do  everything  pooalble  to  prevent  re¬ 
striction  of  air  flow  through  the  c hareber  to 
be  cooled. 

3.  Select  asiaf-flow  fans  for  maximum  sw¬ 
ing  in  weight,  St.v.ee,  and  power. 

f 

<L  Design  blowers  Into  equipment  as  supply 
blowers,  rather  than  as  exhaust  blowers,  co 
that  the  blower  is  on  ths  cold  side  of  the  h  '.i 
exchanger. 

5.  When  operation  Is  anticipated  feetvreea 
sea  level  and  50,000  feet,  use  either  a  multi- 
speed  blower  or  use  several  blowers  or  both. 

8.  Do  not  expect  electric  motors  to  operate 
on  a  wide  range  of  frequencies  such  as  3Ci)  to 
1000  epa  unless  they  are  specifically  designed 
for  thin  range.  The  maximum  spread  on  nom¬ 
inal  400-cyclc  motors  is  380  to  420  cycle®. 
Low  frequency  power  will  tend  to  dimage  a 
motor,  whereas  high  frequency  power  will 
tend  to  reduce  the  mechanical  output 
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The  purpoee  of  this  chapter  is  to  ac- 
She  design  enginaoir  with  the  properties  e? 
transmission  lines  and  waveguides  ao  that  fe® 
may  specify  and  apply  them  with  the  greatest 
probability  of  success.  Although  their  prims 
function  is  to  eonduct  r-f  energy  from  one 
place  to  another,  they  are  also  very  uceful  as 
circuit  elements  and  as  snatching  devices  for 
ensuring  that  power  may  be  transmitted  wife 
the  least  loss. 

GENERAL  TYPES 

Broadly  spanking,  there  are  two  basic  types 
of  these  power-tranefer  elements;  transmis¬ 
sion  Sines  and  waveguides. 

Some  of  the  characteristics  and  parameters 
possessed  by  both  transmission  lines  and 
waveguides  are  treated  first,  then  the  detailed 
descriptions  and  applications  of  transmission 
lines  are  given,  followed  by  the  same  type  of 
rnsi? rial  on  tiio  ?lfsct3 

of  environment  on  both  Unas  and  guides  win 
be  found. 

Transmission  linos  are  of  two  broad  and 
basic  types,  (1)  the  multi  wire  line,  a  charac¬ 
teristic  form  which  is  the  simple  “twin- 
lead"  used  to  connect  a  television  antenna  to 
the  receiver,  and  (2)  the  coaxial  type  in  which 
a  central  conductor  is  separated  from  ao 
outer  conductor  by  spacers  (beads)  or  by  a 
solid  dielectric  material 

Waveguides  are  stogie; -conductor  duvices 
and  resemble  a  met.,  pipe  or  tub#  through 
width  energy  esm  oe  transmitted  provided  fee 
frequency  is  high  enough  compared  to  the 


Croats  section  dimenstona  of  the  pipe.  %  aa 
sEtoaaion  of  the  term,  *  wavagafe?®  may  also 
conuiot  of  a  dielectric  red  or  a  wire  coated 
with  a  diolactric. 

GENERAL  CHARACTERISTICS 

Whan  olectrii  1  energy  is  introduced  to  u 
line  at  one  and,  as  from  a  genarator,  cur¬ 
rant  flows  ferough  tits  conductor*  and  a  volt¬ 
age  appears  across  each  portion  <sS  fen  Uses, 
Electric  and  magnstie  .fields  appear  in  the  di¬ 
electric,  which  may  bo  air,  tjftich  separates 
fee  conductors,  Thaeo  fields  have  Sfseir  lines 
of  force  at  rigid  angles  to  each  other  and  at 
right  angles  to  fee  direction  of  ©jwrgy  propa¬ 
gation  down  the  line.  Time,  fee  term  “trans¬ 
verse  electromagnetic  wave’"  (TEM)  da- 
acriboa  fee  phonomenoa,  ©fees'  types  of  trans¬ 
mission  may  occur  but  fee  T8M  mode  Is 
called  fee  principal  mode  ami  oaly  one  TKM 
mode  ia  possible  oc  a  two-conductor  line. 

~  “Higher”  modes  can  bo  eupported  8 ij  a 
mingle-;;  mduc tor  line;  diet  la,  by  a  wave¬ 
guide,  but  a  waveguide  will  not  transmit  power 
by  a  principal  or  TEM  saoda. 

Tranomiasion  lines  are  employed  for  fre¬ 
quencies  up  to  fee  general  region  of  several 
thousand  megacycle*  but  the  cross  section 
ilmeneione  become  Unpractically  small  above 
this  region.  Oa  the  otliar  hand,  waveguide  di¬ 
mensions  increase  so  fee  wavelength  In¬ 
creases  and  become  Unpractically  large  for 
transmission  of  frequencies  lower  than  lOfitJ 
or  SCtKS  Me.  Between  1000  and  10,000  Sfic 
both  lines  and  guidas  are  employed.  £n  a 
broad  way,  trsnsmlselca  line®  may  he  thought 
of  as  low-pas  v  filters;  t/avegu'dca  aa  klgh- 
pass  filters. 
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In  general,  line*  are  emaller,  lighter,  and 
will  conduct  a  wider  band  of  freipesrstes  tftna 
will  waveguides.  Waveguides  feaw  greater 
power-  handling  ability,  greater  mechanical 
simplicity,  and  less  attonuatim,  T s-M*  8-4 
summarizes  pertinent  data  relating  to  fere* 
types  of  energy  conductors, 

STANDARDS 

Of  considerable  practice  MssweS  to  Sira 
design  engineer  is  the  high  degree  e&  stand¬ 
ardization  in  this  field  ae  the  rossit  of  does 
coordination  between  the  military  sad  com¬ 
mercial  agencies.  Although  til©  early  exploi¬ 
tation  of  waveguides  was  centered  sfesot  mili¬ 
tary  applications  in  World  War  SI, 
comparable  commercial  types  of  apparatus 
are  now  available  in  navigational  red ar,  mi¬ 
crowave  relay  links,  television  transmitter^ 
and  so  forth.*  Wherever  military  sad  Indus¬ 
trial  standards  exist,  they  are  fully  -sasp ali¬ 
ble  for  rigid  lines,  flexible  eos-dal  sabli'iy 
rectangular  waveguldeo,  and  t&ely  iretoted 
fittings.  This  has  permitted  further  stand¬ 
ardization  in  the  area  of  microwave  'tehee, 
antennas,  and  test  equipments.  Muds  of  the 
credit  is  due  to  the  Army -Navy  BatSto  Fre¬ 
quency  Cable  Coordinating  Committee,  which 
was  active  during  the  period  from  Ml  t® 
1950-  Some  of  its  functions  were  uubesqusntSy 
delegated  to  the  Armed  Services  Kkdro- 
Standarda  Agency  (AS ESA),  This  Agency 
maintains  an  index  of  these  items  ssri  din- 
tributes  standards,  specifications,  aM  draw¬ 
ings  for  the  jarts  contained  therein,  (1) 

H-?  TRANSMISSION  UNB 

Several  basic  parameters  govern  feu  appli¬ 
cation  of  transmission  lines  and  m-St  hd  eoa- 
eidered  in  designing  equipment  to  which  they 
will  be  employed.  These  parameters  arise 
from  the  fundamental  properties  of  the  Hues 
S3  summarized  below.  (2, 3, 4,5) 


Pare'jEctora 


M  a  otne  wave  of  volteg©  S ,  of  frequesey  2 
to  applied  to  one  end  of  a  very  long  Mss®,  a 
currant  I  a  will  appear  to  ths  line  at  diafces 
i?  from  the  generator  aca!  a  voltege  K„  toRB 
appear  acres*  th©  line  at  the  dteteaee  ' 
‘Sher.s  valuec  of  E  a  and  X  a  are  rslated  to  tea 
Mtial  voltage  Ej  by 


where  e  «  2.7182S 

1«  these  espraostena  appear  two  of  the  5sa- 
portent  line  parameters:  Se,  the  characteris¬ 
tic  or  surge  impedance  of  fee  Mm,  and  y,  8* 
propagation  constant,  Both  terms  nmnt  be  sa» 
tteratood  by  the  Aggtneer  ard  mud  fee  aifflfesS 
(Eorrectly. 

R  will  bo  found,  aleo,  Shat  the  t&ove  vsHnes 
for  S..  end  la  wV-i  be  measured  at  poMs 
©von  ii  the  line  i<?  a ot  infinitely  tong,  pro¬ 
vided  i?  is  termteiatod  at  the  far  cad  fey  a 
pure  resistance  equal  to  20.  Furthermore,  5S 
the  Unto  ia  ao  terminated,  all  of  the  euerr^t 
cant  down  the  lire  will  bo  dissipated  ia  SMs 
terminating  resistor  (selecting  any  loao  ia 
to  line  itself).  None  of  tiv;  energy  will  bo  re¬ 
flected  bat*  to  th®  source.  Looking  tot©  the 
sanding  end  of  ths  lino,  oao  will  i;s®  25*.  “EMs 
will  not  be  tiv.a  if  the  ta-oad  toad  hits  anay 
other  value  toms  Z0,  Ttia  eendtog-etai  tot- 
psdanco  will  have  some  value  cthar  timafea 
clmractorintis  impedance  of  the  Jiao  Sf  fee 
tad  has  a  value  other  than  S*. 

Tim  propagation  consteait  y  la  a  eosqdez 
quantity  determined  by  to  R,  L,  C,  aerl  fee 
conductance  G  per  unit  length  of  llste.  Stef.®  it 
io  a  complex  quantity,  it  can  bo  expre'-ied  as 
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Army-Navy  Type  Ns. 

Rectangular 

wave-guide 

Rigid 

coastal  Una 

Flexible  cafcjo 

RO-49/ffi 

RG-78/U 

RG-9B/JJ 

Outside  dimension* 

S  x  1  in. 

S/8- to.  (list 

0.435-ta.  dia 

Dielectric 

Air 

Air 

PolyeUiyieav 

Weight,  lb  per  ft 

S.40 

C.8S2 

Q.SS3 

Attenuation,  db  gter  ft 

9.01  i 

0.033 

0.33 

Power  rating 

S.3  Me 

0,S  Mw 

_ _  _ _ 

4  kv  rma,  man  60  watt*  j 

♦Radio  Engln««r!!3*  Handbook.  4t?i  Edtiioa,  McGraw-RUl  Book  O’.,  New 
York,  1USO. 


Vs J/?to  which  e;  ii  *  — 

attenuation  of  tuc'jhv.  ;<<  sspers  per  usii 
ler-.th  ocs  ;3  1*  tijenti&te  coast®#™  ta  tn«K&os 
o*?f  unit  te-gih.  When  ,-a  and  ,«  are  muitipli-sf! 
by  isse  number  of  the  unit  Izft&sts of  B:vs  betos 
considered,  tfcs  iota.:  aUcm-'dica  and  phsuso 
ohlft  ©ill  fee  'tatsi  soiood. 

AH  of  this  dSocuasior  points  to  the  funda¬ 
mental  fact  that  the  voltage  at  any  point  z. 
along  so  infinite  or  properly  terminated!  line, 
compared  to  the  initial  voltage  E|,  ia  lower 
in  value  {attenuated)  by  a  factor  o~to  and  re¬ 
tarded  in  phase  compared  to  E;  by  an  angle 
0%. 


Impedance 


The  surge  or  characteristic  Impedance,  also 
called  the  iterative  impedance,  of  practical 
linen  (thor"  with  low  serioa  s’eslstanco  and 
shunt  leafage)  in  solely  a  function  of  the  in¬ 
ductance  and  capacitance  per  unit  length  of 
line.  Thus 


js0-/l 7c  m 


Phase  Constant 


The  complex  propagation  constant  V  is  made 
up  of  two  factors,  toe  attenuation  constant  ceand 
the  phase  constant  0,  iho  iatteroftencaUedtho 
delay  constant,  wavelength  constant,  orpfass- 
ahlit  constant  Thus 


where  %  and  tf  are  the  scrien  issspads-ssa  usd 
abaci  l&'pnAam'e  par  salt  isugiii, 

fhs  ete&5  del »«  antf  elect  ides?  length  of  $ 
line  srs  important  inctois  in  designing  antenna 
feed  systems,  matching  stubs,  balancing  net¬ 
works,  and  timing  circuits,  and  must  be  con¬ 
sidered  from  the  standpoint  of  magnetron 
“  pulling.  ”{8) 

Line  Lessgth  and  Velocity 

Consider  a  point  x  along  toe  line  where  the 
phase  has  been  retarded  by  2  jf  radians  com¬ 
pared  to  the  phaoe  of  the  voltage  (or  current) 
at  the  generator  end.  The  total  phase  shift, 
(the  product  of  toe  shift  per  unit  length  of  line 
and  the  length  of  She  line)  Is  0k  =  3  wand  since 
tots  distance  along  the  line  is  one  wave¬ 
length  A, 


/)A  =  2 irorAn 


2sr 

T 


m 


Av  In  any  medium,  too  velocity  of  propaga¬ 
tion  Is  the  distance  traversed  by  any  particu¬ 
lar  poind  of  the  wave  hi  unit  time,  or 


&  A  3  n  «srf  « 


(7) 


©her® 

or  v  - 


7  *  f/(R  +  JwLjTfc  +  )«€)  =  ou  1$  (s) 

whore 

«»  attenuation  in  nepers  per  unit  length  of  lias 

0  ■■*  phase  conrtant  in  radians  per  unit  limgiij. 

iVhen  os  and  0  are  multiplied  by  toe  number 
of  too  unit  lengths  of  line  being  conoidcred,  the 
total  attenuation  and  phans  shift  will  be  de¬ 
termined. 

In  an  ideal  iin.e  in  which  R  -  G  »  0, 

et  «  0  (4) 

and  fiuu  $/hC 

I n  a  practical  line, 

r  *  Vzr 


Sn  freo  space,  electromagnetic  energy  trav¬ 
els  with  the  velocity  of  light  In  lines  and  wave¬ 
guides,  the  velocity  of  propagation  is  lees  than 
this  figure  but  upproachee  it  for  open-wire 
air-dielectric  Unco.  Hie  general  order  of 
magnitude  of  toe  actual  velocities;  are 

Open-wire  air-dielectric  =>  0.92  to  0.87c 

Bended  coax  air-dielectric  «  (179  to  0.99c 

Polid  dielectric  =  0.6  So  0.72c 

where  e  «  velocity  of  light 

Because  the  velocity  of  propagation  is  lower 
in  practical  lines  than  in  free  space,  if  a  given 
;hase  retardation  is  required  (for  example 
the  equivalent  at  one  wavelength),  then  too 
actual  physical  Sine  must  be  shorter  than  if 
the  velocity'  were  that  of  free  space. 

To  determine  too  correct  physical  length  of 
a  line  for  a  given  purpose,  it  is  common  prac¬ 
tice  to  calculate  its  length  in  feet  from  toe 
relation  A,  length  in  meters  »  300/fUc,  This 


••■**✓*>*,  «  m  ■ 

.  Mr  r>  ' 


.  -A.  *  *• 


will  give  the  length  If  the  velocity  were  equal 
to  the  apead  of  light 

This  figure  Is  multiplied  by  the  actual  ve¬ 
locity  sxprtsaed  as  a  fraction  of  the  speed  of 
light  Than,  one  wavelength  (electrical)  of 
coaxial  lias  haring  a  velocity  of  propagation 
equal  to  0.8  of  the  speed  of  light  will  be 

A  Ses^th x  0.8  meter 

*  X  0.8  food 
1  Me 

11,811 
m  - 

*  Me 

«  0.8  inch 

H  the  dielectric  constant  of  the  material 
separating  the  conductors  is  known,  the  ve¬ 
locity  of  propagation  down  the  lino  nvvy  be 
found  from 

p  “  c  f  ifl 


example,  will  be  shorter  than  a  heH-wavo  of 
free  space,  tbs  impedance  may  tea  determined. 
Thus,  if  die  physical  line  must  be  0.8  as  long 
a®  required  ia  free  space  to  produce  telf-wave 
resonance  at  s  gis-ea  frequency,  tho  velocity 
3 i  propagation  v/c  is  0.8  that  of  lighij.  Then 

11818 

Z  ;  »  - - —  (8) 

t*/®)  C  jj/sv 

Atienuatiaa 

No  practical  Itee  is  free  of  loses*;  some 
atteisuatii  •?  will  be  experienced  as  a  wave  o$ 
current  m~v&a  dcum  the  line.  'These  losses 
limit  the  efficiency  of  any  system  of  which  the 
lino  is  a  part;  and  the  lossew  lira**  the  power 
handling  ability  of  the  line  itself. 

tSben  the  line  constants  are.  kaovva  and  tbs 
attestation  is  small,  fee  attenuation  can  be 
computed  from  the  real  part  ofthopropagatic 
constant  P.  Hug 


w!  r  vwiocliy  of  light 

ti «  dielectric  constant,  or 
relative  permittivity 


*■ 


-~-9  Er.epers  per  meter  (9) 

3 


Table  8-2  compares  the  relative  velocity 
(v/c)  and  the  delay  (i/v)  for  some  of  the  more 
common  dielectric  materials  and  typical  line 
construction*. 

Note;  At  Ww  higher  trsqiseacie*,  the  to- enlist 
dielectric  c«Mitant  l*  not  “constant"  and  It  i» 
becoming  coalmen  practice  to  use  iba  !o« 
"permltti"'.',"  In  place  of  dielectric  constant. 
Permittivity  will  be  90  omptot’^i  in  lht»  chapter. 

By  making  use  of  a  low-fr®quenr.y  measure¬ 
ment  of  the  capacitance  of  a  unit  length  of  the 
line  and  the  fact  that  a  half-wave  of  lino,  for 


The’first  of  these  fc>r®?e  reprenents  the  losses 
due  to  the  conductors  (0^),  a-'d th©  second  tens 
represents  tins  lo»?»e®  duo  to  tho  dielectric 
(or,).  Cos-tain  correction  factor*  munt  be  added 
to  £fe9se  terms  and  theae  are  discussed  later. 

GENERAL  LINK  in?OPEimE3 

Transmiseioa  lines  have  Intertietiag  and 
valuable  properties.  They  may  be  employed  ss 
b%h~Q  tuned  circuits,  ae  impedance  snatching 
os*  transforming  devices,  ae  delay  lines,  and 
for  numerous  purposes  other  than  simple  power 
transfer. 


Tsabie  8-2 — Transmission  tine  Velocity  and  May 


Dielectric 

construction 

Weighted 

value 

i~  <! 

Relative 

velocity 

(v/c) 

Delay  tin-.#  1 
mlcrcwecOB^/ft 
«/*) 

Solid  polyethylene 

2.26 

0.685 

1.528  x  MTS 

Solid  Tefloa 

2.18 

0  880 

1.472  x  Kf* 

Helical  Teflon 
suppoil 

1.2S 

0.88J 

1.JS28  x  HT* 

Teflon  beads  1* 
rigid  line 

i.oss 

O.S053 

1.025  x  l©*3 

A«  or  vacuum 
— *ti  fiupportn 

1.080 

_ 

i.ees 

..  ... 

l  OiOx  l®"3  j 
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Cgga-Circatt  SJoe.  A  lossless  lino  o C  any 
Jen#1»  open  dmiited  at  the  fay  end,  has  as 
inpet  impgd&aee 


Z, »  x\  S#  ?nU/0 
®j  *  -3  E,  eot  2s rl/X 

where  *  as*  \are  l»  iKe  same  rcaits. 


Shorted  Ltoe.  A  lossless  Hue  of  asy  length, 
shorted  at  She  far  end,  will  have  m  input 
impedance 


Ej®  3  3#  tan-l/# 

(If? 

Sjn  j  tajj  twl/X 

Simitar  lines  closed  at  She  far  «&d  In  ta bai- 
pcilane*  AT  will  have  an  Input  impedance 

Zt/£.  v  3  tan  2 wC/A 

SjM2# - — - -  {12) 

1  •»  j  Zffee  taa  2ni/\ 

Aetna!  computation  of  the  input  Impedance 
la  laborious,  especially  if  the  load  impedance 
has  reactance  as  well  as  reslstance,8u;-domter 
these  ceedltlons  the  transmission  line  cal¬ 
culator  ai  5*.  H.  Smith  is  a  valuable  tori  R) 

Quarter-Wave  Linco.  A  line  say  odd  m&- 
tlple  oT~quart0r -iravee  long  acts  as  an  im~ 
.  pedance  inverter,  ttod  is,  the  input  imp«daa©3 
is  the  reciprocal  of  iis*  terminating  or  load 
impedance.  Thus,  if  the  far  end  is  open  cir¬ 
cuited  the  input  impedance  is  virtually  3«rc 
(short  circuited),  and  It  ths  far  end  is  aborted, 
the  input  impoda nca  is  extremely  high  (opsa 
circuited).  For  this  reason,  quarter-mwe 
lines  may  he  used  as  traps  to  eliminate  or 
suppreaa  harmonica,  or,  when  aborted  at  tbs 
far  on d,  as  supports  for  other  lines  because 
the  open  end  may  b@  shunted  directly  across 
the  line  to  be  supported  and  no  Sobs  of  power 
will  be  incurred, 

A  quarter-wave  line  ma$  also  be  used  as 
an  impedance-®  atehiag  device  for  connecting 
two  jilsjslsuilar  impedances,  very  much  as  an 
Impedance-matching  transformer  is  employed 
in  lew  or  Ksediuoi  frequencies. 


Bandwidth,  to  all  of  the  expressions  above, 
it  must  be  remembered  that  the  properties  ar* 
dspsrfdent  upon  the  line  fesgth  in  terms  ot 
wavelength  n»d  that,  fcscaiise  the  Q  of  a  good 
Ue9  Ss  high,  offsets  noted  above  ere  only  true 
for  a  narrow  band  of  frequencies  situated  ab©«si 
the  frequency  (os-  wavelength)  la  question. 

As  8  sings®  osasnpla,  consider  a  quarter- 
wave  section  of  Sin®  to  act  no  a  matching  traa*- 
foraier  between  7,  aad  ZT  being  10Za. 
At  Sfca  center  of  the  design  frequency,  the 
iEpat  impedance  Z,  with  %T  connected  to  the 
far  sad  will  eqaal  Z,.  But  at  a  frequency  20 
percent  higher  or  Sower  than  the  design  fre¬ 
quency,  Z;  fZt  °  1.4,  This  Rites  some  measure 
of  the  bandwidth, 

Several  quartor-wavo  seetisas  may  be  con¬ 
nected  in  series,  the  characteristic  Impedance 
of  oaefe  line  fostog  x>rly  efeoeea,  and  by  this 
technique  tw®  impedances  may  ba  matched  over 
a  mesh  ^.dor  baad.  CoaistoS  lines,  per  m, 
havo  asabi*  feanSwidtha  of  S  to  ©  decade®  in 
fr&gasscy- 


P.lmdlng  P/avog,  Whoa  a  liss  le  teminsied 
la  'nTfnire  reoIsISce  equal  So  the  characteris¬ 
tic  impedance  of  the  line,  all  the  power  put 
bat©  the  line  will  m  absorbsd  Itp  the  terminate 
toad  (minus  whatever  tnay  be  lost  in  ihs 
lino  itself).  M  the  terminating  resistance  is 
sos.ua  velue  otlur  than  the  characteristic  im¬ 
pedance  of  tbs  Mno,  th®n  (toss®  power  will  be 
reflected  bask  toward  the  generator  from  the 
loed  end  secS  Maximum  power  will  not  be 
transmitted  to  fee  load. 

Tfe®  reflected  power  will  set  vj  standing 
wovsb  m  the  line  because  at  some  distance* 
froia  the  1ok4  end  th®  reflected  current  (or 
voltage)  will  be  out -of -ptoses  (or  in-phase) 
with  the  oacossstog  currant  (or  voltage). 


BeJlecttoijkS  will  occur  ®v«a  if  the  load  im¬ 
ped  sac®  is  ©qua!  to  tli©  lias  impedance  bo- 
emm  of  other  impedance  chassgee  which  oc¬ 
cur  to  t,«  line,  because  of  &  eharp  bend  1r 
th©  lisa  for  caomple,  m  inj;>«rf0ct  mechanical 
Joint,  or  bacatisa  of  some  rcli.acting  surfaces 
near  opaa-wls®  line. 


Thug,  a  line  of  clusractsrietic  bnpedsace 
Z.  »  will  match  7n  to  Zr 

Half-i'3'ay &_  Line.  A  line  any  number  iialf 
wavesTong  fcets  like  a  1:1  tranaformer  re¬ 
gardless  ct!  tha  characteristic  impedance  o£ 
-  the  lino.  Tfeas 

St  *=  ZT  «S) 


At  any  point  to  the  line,  a  meseuronaent  of 
ttoo  relative  nuvgaituder  of  die  incident  (Vi)  and 
reflected  voltagos  (Vr)  rdil  g ire  a  measure  o i 
tho  impedauco  mismatch  betwaan  the  line  nnd 
ito  load  or  by  any  device  In  the  system.  Tide 
ratio  is  commosily  called  4b.«  Voltage  Stai.'dlng 
Wavo  Ratio  (TOWR).  For  a  perfect  match  She 
VS  WE  is  \mity,  and  for  assy  mismatch  this 
v»i«o  la  greator  Shasi  unity.  (Sso  h'jlg.  S-L) 

2«» 
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f-*/  "  '  *-.»'♦  *v« 
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.  M  «  w*  *■ 
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Dimensions  sni  Smpsiane® 


<* 


v)  i\*u  vsmn 


f\Z  *-S.  R*latlooslur»  Miveai  Uns  voltegt*, 
raftociioa  coefficient  [!%  aof  VSW8. 


Not  waif  is  the  TO®  important  from  the 
standpoint  of  power  tnmanisekm,  bat  it  is  s 
useful  parameter  of  th«  syste as  as  a  whole 
as  It  Kill  give  evidoaca  of  pomlble  line 
failure-  A  high  VSWR  iadiceteii  that  high  cur¬ 
rents  and  voltages  wilt  appear  at  points  along; 
the  lias  and  may  cause  excewsive  heating,  due 
to  the  ear  rent,  or  dielectric  breakdown  be¬ 
cause  o t  high  voltage. 

Line  Efficiency 

Some  attenuation  of  the  input  power  will  oc¬ 
cur  m  it  progresses  down  the  line,  no  matter 
how  good  a  practical  line  may  be.  Some  power 
is  lost;  not  all  arrives  at  the  load-  Thus  a 
600-ohm  open- wire  Ms»  will  have  an  attenua¬ 
tion  of  about  0.1  db  per  100  feet  at  30  Me; 
RQ-58/U  will  have  about  2  db  per  100  feet  at 
the  same  frequency.  Ttesoe  loss es  in  power 
will  result  even  If  the  line  is  properly  termi¬ 
nated. 

If  the  line  Is  not  properly  terminated,  that 
is,  if  standing  a.  ''ee  are  present  on  the  line, 
there  will  be  additional  losses  of  power,  th® 
magnitude  depending  upon  the  extent  of  mis¬ 
match.  Thru*  the  VSWlt  is  a  useful  parameter 
i &  determining  the  efficiency  of  the  line  and 
toad  an  a  whole.  If  the  line  attenuation,  when 
matched  to  the  load,  is  low,  indicating  that  the 
line  by  itself  is  efficient.  Use  additional  losses 
due  to  mismatch  will  not  be  great  As  a  mat¬ 
ter  of  interest,  if  She  loss  is  1  db  mater 
matched  ©traditions,  the  additional!  loss,  It  the 
VSWB  is  6,  will  be  approximately  I  dh. 


Iter  two-wir®  lines  in  which  the  spacing  0 
between  conductors  io  large  compared  to  Use 
conductor  diameter  d 

Z.-^pk*,,  (2D/d)  (14)  . 

* 

bM  for  CG8s&$i  Mae® 

2e  «^logM  fl>/d)  m 

» 

wfeare 

P  *  in^cs’  diameter  -ef  the  outer  eoaductor 

<3  *  outer  diameter  ©I  the  inner  coodactor 

<j  >=  relative  poraiftite%. 

Two-wire  Mk  ta?e  impedance*  la  th* 
general  range  of  50  to  1003  ©lima,  Easy  law 
air,  or  a  solid  but  flexible  material,  between 
tki  conductors;  coaxial  lines  have  impedance* 
iti  the  general  region  ©f  ffl  to  100  ohms  and* 
again,  thy  conductors  may  be  c  -xrated  toy  a 
solid  dielectric  (usually  polyethylene)  or  by 
air  and  smell  Insulating  spacer*  called  bead*. 

The  relative  dimensions  of  the  conductors  • 
of  a  coaxial  lino  may  bo  choaaa  Jo  obteis 
minimum  dttenuatiosi,  maximum  power  ca¬ 
pacity,  or  lii®‘  ru.  ’iseum  voltage  rating  for  „  | 

either  a  fixed  outer  diameter  or  fixed  sneaa  1 

diameter.  For  each  ratio  of  conductor  di¬ 
ameters,  the  dielectric  constant  of  the  in¬ 
sulation  will  determine  the  impedance  *» 

.mown  in  Tablet  8-3  and  Fig.  VS.  The  im¬ 
pedance  is  inversely  proportional  to  the  half 
power  of  tit®  permittivity.  Moderate  departure* 
from  these  optimum  impedance  values  do  act 
introduce  rapid  changes  in  those  electrical 
characterietics.  Ik  the  interest  of  simplicity 
and  stnndardteatioa  of  associated  device#,  I 


<-  -OHOpKa^A. 

(a  h  per  tool 
C  *  7.38  </to^  & 
itjtf  i>*r  too# 
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Fig.  (s-3.  CoRslsl  Ein*  dJsseE  -'  otw  ccacSatio. 
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Table  8-3 — Comparison  s i  Optimum  Diameter  Katins  £*> J  tespadBnc®3 
for  Coaxial  llnea 


Fixed  outer 
diameter  (D) 

Fixed  mean  j 

diameter  1 

Conditio :« 

D/d 

Z„  tor 

<  »  1.0 

l0  let 
*•>  2JS 

D/d 

So  for 
*«  S.O 

Z„  tor  I 

i-  2.26  | 

Minimum  attenuation 
(both  conductors  with  tile 
same  resistivities) 

S.5C 

76.6 

SLfi 

4.68 

83.3 

81.5 

Maximum  voltage 
(minimum  voltage  gradient 
ai  the  center  conductor) 

3.72 

60.0 

86.9 

3.56 

76.0 

31.0 

Maximum  power 
(fixed  power  dissipation  per 
unit  area  of  center  contfac  :or) 

1.68 

30.0 

J0.S 

2.09 

44.S 

26.3  | 

three  impedance  levels  have  been  established 
R8  a  seasonable  compromise  among  tbs  many 
possible  impedances: 

SO  i  2  ohms  Preferred  for  all  microwave 
applications;  test  equipment; 
and  transitions  to  waveguide 

75  4  3  ohms  For  video,  and  low  v~i  aflQ 
(below  30  Me);  date  Srans- 
niioslon;  very  long  runs 

95  i  5  ohmsi  Balanced  or  dual  cabte>»,  low 
capacitance,  special  u.  s. 

Generally,  the  uniformity  or  constancy  o£ 
Impedance  has  a  greater  effect  on  circuit 
performance  than  the  absolute  value  o'7  die 
impedance  level  chosen.  The  larger,  snors 
robust  cento?  conductor  of  a  50-oh©  lin* 
results  In  a  more  stable  mechanical  structure 
and  a  more  uniform  line.  LUccwigo,  the  de¬ 
sign  of  connectors  with  good  impedance  match 
is  facilitated  for  60-ohm  lines. 

Coaxial  Line  Attenuation 

The  attenuation  is  tit*  real  part  of  the 
propagation  constant  ‘that  Is, 


a  » 


R 

I 


0  ,/£ 
i'TV^1 


R  G'lc 

Wt  *  "SJ 


Tuo  r-f  resistance  (R)  of  the  iimer  and  outer 
conductor  of  coaxial  lines  is  well  documented 
in  the  literature  for  solid  cylindrical  rhapee 
ami  for  composR.  ipporand  sieei  conductors. 
(8,6)  Star  solid  jooar  conductors,  this  re¬ 
sistance  in  ohms  par  100  feet  1$ 


« 


m 


For  oGjos-  Esaterials,  the  resistance  of  each 
conductor  8*  dim  ly  proportional  to  the  rel¬ 
ative  co  .saevivity  of  the  materia!  used  to  that 
of  coppsau 

lb  correct  for  the  effect®  of  proximity, 
spiralling,  sad  contact  resistance,  a  mul¬ 
tiplying  factor  Kt  must  bo  totroducod  la  the 
first  tore*  when  a  stranded  center  conductor 
is  used,  tor  a  braided  outer  conductor  a  sim¬ 
ilar,  but  larger,  factor  K,  (varying  between 
2  and  S)  wok  be  applied  to  the  second  term 
to  account  for  the  complex  current  paths 
and  their  variation  with  frequency.  It  is  neces¬ 
sary  to  combine  considerable  esperionce  wife 
experimeciaS  data  to  estimate  the  magnitude 
of  tliere  factors  accurately  for  purposes  of 
design.  However,  ths  dais  asm  sued  on  very 
many  cnbto  constructions  show  that,  to  soest 
cases,  ttseir  total  effect  is  to  incresea  the 
overall  attenuation  by  less  than  10  percent 
above  the  theoretical  value  except  at  tfc# 
frequency  cairemee.  Other  effects  of  braid 
design  will  be  discussed  in  greater  detail 
with  respect  to  flexible  cable*. 

The  eoaifoctor  attenuation  to  declbele  per 
100  feet  c&a  than  be  expressed  as: 

a*x2|~“  ^  <**> 

The  center  conductor  diameter  represonta  the 
dominating  term  in  Eq,  (17)  and  tends  to  off¬ 
set  an  apparent  reduction  in  losses  by  in¬ 
creasing  X»-  II  will  be  recalled  from  liable 
8-  3,  the  optimum  ratio  of  D/d  for  miflinuua 
attenuation  is  3.59.  For  rigid  lines  which  have 
virtually  no  dieloctric  ksr'-vsa,  or  is  solid 
dielectric  cables  at  frequencies  below  103 
Me,  Eq,  (17)  to  a  good  approximation  of  too 
total  loose*. 
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The  attenuation  dae  to  the  dMectric  is  or- 
pendent  on  IMo  stoat  conductance  (G)  rai  f 
geometry  of  tha  lis* 


•t  par  meter-" 


The  conductance  ®r  leakage is  due  to  ■» 
vectorial  combfc-^ooe  of  a  true  d-c  i- 
ductivity  and  a  cjsssdrature  hysteresis  obs 
due  to  '  '.gh-fro-qEeccy  molecular  polaruation. 
This  ratio  cnn  te  expressed  conveniently  la 
terms  of  the  dissipation  factor  (tr  J)  and  the 
permittivity  (s)  roaultfesg  to  (10) 

a*  -■  SLT3  s®  am  }  I ..,  (UJ) 

S  is  noteworthy  ttosi  the  dielectric  attenuation 
Sb  independent  of  the  sire  of  the  line  or  lt*i 
impedance.  For  ra-sst  &lgh~froq«ency  dielec¬ 
trics  both  tan  s  aad  a  are  xlmoet  conet  ant, 
reaoltliiK  .4  a  dialeet"tc  lass  almost  linear 
with  frequency.  £b  a  eolto  dielectric  cable, 
these  lorasa  bacons®  e«pal  io  conductor  losses 
in  the  vicinity  of  SOCff  Me  aad  predominate 
beyond  diet  point. 

Voltage  R  '.ting 

The  "rde  voltage  Skit  can  be  applied  to  a 
contdal  tranemisskia  line  is  limited  by  the 
onest  of  corona;  that  is,  tha  loaf  ration  of  air 
spaces  in  the  immediate  vicinity  of  a  highly 
localized  voltage  slress,  The  Intrinsic  Sul's* 
strength  of  the  dielectric  materials  used  for 
oupporta  io  extremely  high  in  comparison 
with  gaces..  Values  lor  polyethylene  are  4000 
to  6000  hv  per  tech  on  a  sin;,  1  pulse  and 
J500  kv  per  inch  for  repeated  pulses.  (11)  The 
accepted  breakdown  val-  :*  for  air  at  standard 
room  pros'  ore  and  tossperature  is  76.2  kvpar 
inch  or  70.3  volt*  per  mil  (30  kv  per  cm). 
This  valau  Is  indepratoat  of  frequency  up  to 
toe  Me  region  and  !■;  usunlly  halved  for  do- 
sign  purposes.  Ctbcr  factors  which  affect 
gaseous  discharged  will  to?  discussed  ra  sub¬ 
sequent  sections. 

For  perfect  cylindrical  conductors  In  air, 
the  maximum  voltage  stress  (a^J  occur-, 
directly  at  the  face  o£  ?be  inner  conductor  and 
is  given  by: 

0.363  _ 

e~* 

kv/i.Ecii  o  volts/mil  (20) 

& 

(The  value  of  %,ishld?.  results  to  a  mS  wimuja 
voltage  gradient  appears  fa  '“able  8-S.) 

To  convert  nepers  to  drc&aU,  mulilplv  uppers 

by  6.8M. 


The  mantaum  :raak  voltage  (VP)  which exit/is 
at  any  "oint  on  .,ie  line  will  generally  differ 
from  \.e  input  voltage  when  the  line  is  ooi 
projx  ly  terminated,  Its  exact  value  will  de¬ 
pend  on  tha  degree  of  mismatch,  fra  electrical 
length,  and  the  attenuation  of  to;  line.  How- 
etr~,  the  rr*'o  of  the  maximum  voltage  to  the 
volte;.  .■  cannot  exceed  the  actual  value 
of  the  VSWR  which  ohould  b*  used  as  a  con¬ 
servative  ^rating  factor.  Further,  if  the  input 
voltage  is  amplitude  modulated  by  a  factor  ra, 
the  peek  voltage  '  dll  be  Increased  by  a  factor 
of  (1  +  m).  For  >uleo  modulation,  the  peak 
voltage  is  indicated  by  the  pulse  descrlpilo® 
or  can  be  computed  directly. 

Corona 

T'"-  voltage  at  w&ids  corona  Io  initialed  to 
an  aiv  dielectric  lino  io  determined  by  local 
sire  ~a  concen.  nitons  euch  as  those  caused - 
by  metallic  burr  oh  the  conductor,  the  In¬ 
troduction  of  a  oharp  corner  at  a  connector, 
or  any  marked  jurfacG  irregularities  on  the 
bead.  Is?  solid  dielectric  cablea,  minute  ;lr 
voids  are  present  within  tha  dielec  tr.;  and  in 
the  neig,  borh-.  ;d  of  too  conductors.  Mocent  ex¬ 
periences  have  sfc.-wn  too  interstices  around 
the  braid  to  be  to.;  predominating  factor  for 
corona  !  dtlntion,  with  voids  around  too  center 
conductor,  and  bubbles  in  the  dielectric,  in 
toot  order.  (12)  Electrical  discharges  occur 
v.iihin  toes*  gaoeouo  void*  when  toe  peak 
roltaga  exceeds  a  critical  value.  Tide  critical 
value,  or  corona  level,  does  not  very  sig¬ 
nificantly  in  a  gas  from  po,«r  frequencies  to 
several  hundred  megacycles.  Hies®  electrical 
discharges  cause  energy  losses  to  addition 
to  normal  attenuntk-n,  and  will  eventually 
lead  to  complete  molecular  breakdown  of  to® 
insulating  materials.  S  is  generally  neces¬ 
sary  to  resort  to  a  direct  measurement  0$  th@ 
corona  initiation  or  arfinction  levels  at  power 
frequencies  to  es>  Wish  a  practical  voltage 

at  l  off. 

l?ow®r  Hating 

The  maximum  r-f  power  a  coaxial  line  may 
safely  transmit  con  bo  limited  either  by  (1) 
the  voltage  introduced  due  to  the  peak  power 
or  (2)  the  ihermal  heating  duo  to  toe  avei»g® 
power.  Which  of  toees  is  the  predominating 
factor  will  vary  according  to  operating  con- 
ditiGas  and  tbs  dooSgo  of  the  transwlsalma 
line.  The  peak  power  (?»)  rating  is  determined 
directly  by  the  voltage  rating,  and  expressed 


,  V -y»^V  ».  1  6  *4*- 


The  psak  power  is  affected  bj  any  o£  too  re¬ 
sign  features,  mechanical  imperfections,  ojt 
©sternal  factors  which  tend  to  degrade  to# 
corona  leveL  (13,14,15)  For  CW,  dielectric 
losses  may  limit  the  power  to  a  value  below 
that  of  Eq.  (21)  because  of  heating. 

The  average  power  handling  capacity  will  be 
determined  by  the  attenuation  in  the  line, 
and  the  maximum  “hot  spot”  temperature 
that  the  dielectric  or  conductor  can  withstand 
continuously.  Excessive  temperature  can  re¬ 
sult  in  conductor  migration  due  to  softening 
of  the  dielectric,  mechanical  damage  due  So 
differential  expansion,  or  shortened  life  da* 
to  chomical  deterioration.  The  amount  of  heat 
generated  (W*  in  a  matched  system  is  the 
difference  between  the  input  power  (Pt)  and 
she  output  power  (Pt)  in  watts  par  unit  length 
of  line,  The  ratio  of  these  two  power®  is  a 
function  of  the  attemsatior.  per  unit  length 
(generally  per  foot).  These  relationships  caa 
be  combined  to  yield  Eq.  (22), 


l°S  )•  (P i 


The  rate  of  heat  dissipation  from  the  line 
depends  on  the  diameter,  materials,  and  color 
of  too  outer  covering,  and  the  ambient  tem¬ 
perature  and  altitude.  Tho  a  mo  uni  of  heat 
whtch  flows  radially  from  the  lino  will  de¬ 
pend  ou  tho  composite  thermal  resistivities 
(ft ,),)  of  the  dleioctrie  and  any  jacketing  ma¬ 
terials  used,  and  th  temperature  gradient* 
present  therein.  Heat  is  generated  internally 
at  the  center  conductor,  within  the  dielectric, 
and  at  the  outer  conductor  in  direct  proportion 
to  tholr  individual  attenuation.  By  equating 
the  heat  generated,  Eq,  (22),  to  the  host  dia- 
fiipated  for  a  given  temperature  rise  (dT)  be¬ 
tween  tho  center  conductor  and  tho  arebteaf 
temperature,  Eq.  (33)  can  bo  established. 


capacity  hae  been  mads  although  fespirtesl 
tscfcnhyjso  oro  generally  prof  erred,  (i^) 

LoEjltadina!  variations  te  voltago  s*k3  cur¬ 
rant  as  a  rcoult  of  a  miomatched  !c*d  will 
radeca  the  avorage  pormieoible  poorer.  When 
attenuation  is  small  00  the  VSWR  is  iiearly 
constant  over  the  entire  length,  the® 


Avorage  poggr  lost  i 
Average  power  loot  i 


i  tho  lino  with  VWm 
iTEsYlno  (matcteaS- 


vswn  + 


iMal  heat  flow,  particularly  1b  the  center 
conductor,  tends  to  reduco  its  tasspesfstur# 
for  short  wavelengths,  (.14)  V/non  &o  V7s»v»« 
longth  la  vary  long,  tho  power  rating  for  the 
matched  line  should  feJ  divided  directly  %  the 
VSVVE,  The  maximum  temperature  r too  occurs 
.nt  tho  point  ol  tho  VS1VE  minimum. 

11m  amounts  by  which  tho  power  frerflteg 
ability  of  Teflon  and  polyethylene  osfcteg  da- 
crcasos  with  VSWH,  altitude,  and  teapsis.^tore 
are  aitovra  in  Fig.  8-3.  (1/,  18) 

Preqitoncy  Kanps 

Use  upper  frequency  limit  of  s  esmial 
structure  to  determined  by  too  frequency  at 
which  higher  order  waveguide  mods©  will  to 
propagated  This  occurs  when  the  mass  di¬ 
ameter  becomes  equal  to  one  wavelength  to  fee 
dielectric  media  (TS ,,  mode).  Practice!  ex¬ 
perience?  dictate®  that  coaxial  lines  should 
cot  bs  need  at  frequencies  beyond  O.SS  oa  &3 
cutoff  frequency  (f„)  except  in  special 
cations.  Beyond  this  point,  iiior©  is  as  fist- 
iramaly  sharp  riee  in  attenuation  duo  to  caasgy 
conversion  to  this  spurious;  mode,  Kqasfloa 
(25)  gives  this  vidua  to  within  3  pemssS. 


w=’RT*p‘1'^m^T^/W 


or  P,’ 


wheroP, «  maximum  average  power  rating. 
Thus,  for  any  particular  physical  construction, 
the  average  power  rating  will  depend  on  to* 
pernvlaoible  temperature  rleo  above  a  stated 
ambient  Direct  computation  of  power  handling 


For  bond  supported  linos,  frequency  lim¬ 
itations  may  occur  se  a  result  of  bead  spac¬ 
ing  or  bond  thictaees,  which  cau*e  resonances 
at  certain  critical  frequencies.  For  exasspla, 
toe  maximum  VSWH  of  a  single  uncompensated 
toed  occur*  when  the  bead  thickness  la  cjpicl 
to  a  quarter  wavelength.  Then  tho  VBWB  te 
numerically  equal  to  d  In  value.  Schemes  fcavs 
also  been  devieed  for  too  spacing  of  #uch  toads 
bo  bo  to  limit  the  VSWH  which  can  occur  «toa 
to  cumulative  reflections  from  each  of  iiva 
toad  facoe.  (15)  However,  all  linos  currently 
used  for  ini  -owavc  frequencies  provide  int- 
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pedant: «  matching  for  the  support  structure  to 
render  them  "electrically  transparent." 

Shielding 

Interference  or  crosstalk  esa  occur  behanetss 
a  coaxial  Une  nod  the  surrounding  media  a  a 
the  result  of  rsdlal  propagation  of  energy 
through  tog  outer  conductor.  {18)  This  enes  ry 
Is  diminished  by  (1)  attenuation  due  to  pens 
tratlon  into  the  .material  uf  the  ehle’d  aixl  by 
(2)  reflection  of  the  wave  due  to  Impedance 
discontinuities  at  tbs  Interfaces  of  the  ma¬ 
terials  employed  in  Use  shield  structure.  TTks 
former  varies  directly  aa  the  wall  thicMiesa, 
and  as  tho  half  power  of  the  frequency,  con¬ 
ductivity,  and  relative  permeability  of  the  ma¬ 
terial.  It  applies  to  a  lightly  woven  braid  ai 
frequencies  below  approximately  50  Me.  Abova 
Uiio  frequency,  leakage  occur*  due  to  the 
finite  openings  present  at  ifa"  braid  crosa- 
overa.  This  coupling  loss  appears  es  a  small 
series  inductance?  wrv'ue  value  Is  virtually  in¬ 
dependent  oi  frequency.  (18) 

The  reflection  loss  at  each  change  of  ah! eld¬ 
ing  material  Is  frequently  greater  then  IVi 


loss  due  to  attenuation  Sircugh  the  material. 
The  intrinsic  impedance  (if)  oi  any  media  is 
equal  to; 


The  higher  the  ratio  of  the  intrinsic  Im¬ 
pedances  between  media,  tho  greater  die  re¬ 
flect  loan  and  tho  more  effective  die  shielding. 
For  example,  th©  Impe-dance  ratio  of  copper 
and  steel  le  about  50  and  Ihelr  ueo  so  a  double 
braid  forma  a  very  effective  low-frequency 
aiiicld.  Greater  shielding  can  be  achieved  In 
flexible  cables  by  alternately  interleaving  lay¬ 
ers  of  hlgh-impedance  (dielectric)  and  low- 
lmpodunca  (conductor)  material?.  Some  oi 
these  special  conntructtona  will  be  dlscunsed 
In  connection  with  pulse  cables. 

The  "surface  Iraaafer  impedance"  Is  tho 
moot  practical  unit  oi  measuring  too  ef¬ 
fectiveness  of  chi  elding.  It  1*  (Wined  as  the 
ratio  of  the  longitudinal  electric  Intensity  oa 
the  surface  of  the  outer  conductor,  to  tha 
total  current  carried  by  the  Inner  conductor. 
(If*)  It  is  a  function  only  of  frequency  and  the 
design  parameters  of  the  line. 
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RIGID  COAXIAL  LINES 

Rigid  Unas  of  low  attenuation  and  excellent 
power  handling  capacity  have  long  been  the 
mainstay  of  commercial  broadcasting,  sad 
were  used  in  the  low-frequency  radars  early 
In  World  War  II  Now  they  have  extensive  sm 
In  uhf  and  vhf  television  and  communication 
where,  for  moderate  powers,  they  are  much 
more  compact  than  waveguides. 

CoastrucUosa 

The  conductors  for  rigid  lines  are  fabri¬ 
cated  fro.  m-eclstor!  tubing  ofhigh-condueiiv- 
ity  hard-drawn  copper  or  braes  for  the  outer 
conductor.  Extruded  aluminum  and  copper- 
coated  stainless  steel  have  also. been  used  to  a 
limited  extent.  The  center  conductor  .is  rigidly 
supported  by  some  type  of  dielectric  bead  or 
pin,  mechanically  crimped  or  press-fitted  be¬ 
tween  the  conductors.  Rigid  lines  are  des¬ 
ignated  by  the  nominal  overall  diameter  of  the 
outer  conductor  and  ara  supplied  In  20-fool 
sections  with  couplings  at  each  end. 


Brfatf  mention  should  also  to  niad#  cl  Sjo 
Sftotosu  stuu-Guppoi'ted  microwava  liasa  u®od 
in  World  War  II  military  Their 

tea a?  conductor  ic  posiiisrced  by  a  series 
cl  siSsrt-cir cuitc-d  quarter-wavelength  coaxial 
sfcjte  placed  at  convenient  intervale.  The 
etetoa  present  a  vary  high  impedance  la  fltuat 
wife  the  lino  over  the  very  narrow  Rad  ol 
Srsrpenzies  for  which  they  ere  effectively  * 
qu£i  ,)?  wavelength.  However,  they  are  cum¬ 
bersome  to  install,  difficult  to  maaefjvctxtre, 
and  era  be  completely  replaced  by  newer  broad¬ 
band  bend-mtpported  types. 

ritoacsurfons 

Iseosssc®  of  Electronic  Saaeiris-  Asso-i-is- 
tton  (K1A)  Standard  TR-13-4  and  .Military  Spec¬ 
ification  MIL-L-3890  established  a  eomasoa 
oertes  erf  s tandard dim ensiona  tor  50-ohm  Hues 
ssi  shown  in  Table  3-4.  Tbeso  dbcansi-oas  ars 
predicated  on  too  uso  of  p,n  electrically  trans¬ 
parent  supporting  structure.  Earlier  fcssd- 
oapported  lines  had  a  nominal  SLS-ohiaf&ura- 
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tiva  impedance  1c  accordance  with  GIA  Siaad- 
ardc  TR-103  and  TR-104B,  "  Tranamissioa 
lines  for  FM  Broadcasting  88  -  108  Me"  sn4 
“  Television  Broadcast  Transmitters  44-218 
Me”  respectively.  Data  on  these  51. 5 -ohm 
lines  are  also  Included  as  Table  8-5  In  view 
of  the  large  number  of  Installations  in  which 
they  raay  ba  found. 

Lines  lc  other  impedance  ranges  generally 
utilize  the  same  size  outer  conductors  as  iha 
50-ohm  types.  The  75-ohm  line  ia  popular  as 
it  most  nearly  approaches  the  minimum  attenu¬ 
ation  for  r  iven  ratios  of  the  conductor  di¬ 
ameters  aa  shown  in  Tabi^  8-3,  and  its  upper 
frequency  limit  ia  approximately  20  percent 
higher  than  a  50-ohm  line  with  the  name  over¬ 
all  diameter.  For  example,  a  8  1/8-inch 
75-ohm  line  will  encompass  the  full  uhf  tele¬ 
vision  band  (478  to  880  Me).  Proposed  di¬ 
mensions  for  75-ohm  lines  have  been  indicated 
In  Table  8-6  a;,  the  future  standard. 

Center  Conductor  Support 


The  method  used  to  support  too  center  con¬ 
ductor  will  have  a  marked  eifcct  on  the  Iter¬ 
ative  Impedance  as  the  frequency  la  incroased 
and  vlll  limit  the  upper  frequency  that  can  be 
•covered  by  toe  line.  tt  low  frequeoclso,  a 
simple  concentric  dielov  trie  support  or  bead 
will  suffice,  provided  toe  iterative  Lpipodaiice 


and  propagation  eonoimit  are  corrected  for 
the  weighted  average  permittivity.  (20|  M 
microwave  frequead.as  where  die  bead  oc¬ 
cupies  an  appreciable  fraction  of  awavelength^ 
the  conductor  diameters  must  be  adjusted  at 
the  bead  to  maintain  a  constant  impedance. 
Various  bead  constructions  are  illustrated 
in  Fig.  8-4.  The  undercut  bead  is  the  most 
p.pular  due  to  its  simplicity  of  manufacto 
Tynical  data  are  shown  in  Table  8-7  on  two 
mien  broadband  50-ohm  designs.  (21) 

Special  lines  have  been  constructed  wiin  im¬ 
pedances  in  the  range  from  125  to  180ohm&. 
They  sre  used  for  low-fi  quency  applications 
where  It  is  desired  to  keep  toe  capacitance  aa 
low  as  possible,  or  tor  special  matching  or- 
tun. tig  purposes.  The  Navy  has  made  ex¬ 
tensive  use  of  a  180-ohm  3  1/8-inch  size  for 
matching  io  shipboard  antenna.  The  greatly 
reduced  diameter  of  toe  center  conductor 
severely  lowers  their  operating  voltages  and 
causes  the  capacitance  of  these  lines  to  bs 
sensitive  to  temperature  variation  and  me¬ 
chanical  vibration. 

In  mosi  transmit ‘mg  applications,  the  p-ar- 
mleaibio  attenuation,  rather  than  toe  power 
capacity,  governs  too  cholco  of  line  size. 
The  loss  due  to  too  dinlectr'c  supports  is 
virtually  zero,  and  the  attenuauoc  Is  readily 
determined  from  E<p  (17)  sod  the  relative 


T?Me  8-5—  Data  as  51. 5-Ohm  Rljid  Umi  {TR-104-S3 


I. Inc 
site 
(Is.) 

Outer 

cmituctor 

(i».) 

Ir  !'-*'•  cce.d. 
ralo.  coed. 

»  957 
(In.) 

OD  OS75 

OO  0.3125 

7/3 

*0  003 

*0.001 

ID  0.735 

ID  0.2625 

<0.003 

*0.003 

J 

OD  1.375 

OD  0.625 

1  -  i/8 

.0  002 

*0.002 

!D  1.573 

ID  0  569 

»  0.002 

•  0.003 

OD  3  125 

CD  1.300 

3-1/8 

*0.003 

*0.002 

ID  5  037 

ID  1  138 

*0  003 

*0.002 

CD  6.135 

OD  J.500 

*0.003 

s  0.003 

ID  5. SSI 

ID  3  435 

*0  003 

*0  003 

burnt*  tors 
steaUts 
K  -  S  ,0.§ 
lass  (actor  .. 
0.004  sail* 

Beads  0.1875  to, 
effective 
tMcteicsto  a  8 -in, 
spn-clng 


Bcidj  0. 103  let. 
clfwitre 
tMc*nc:<s  ”  13-la. 
cp&ilss* 


Bead*  0  3  75  1*. 
ffterttr* 
thlckirfis  x  1 2  - 1». 
;vc!ng 


ton  trp« 
construct  fc», 

1 3-la.  *parL'-< 


Z, 

without 

Insulator* 

Requirement*  at  500  Me  j 

T? 

rtb/100  it 

A v a rag* 
pow*r 

53.2 

51.1  *1.5 

0.ST3 

2.0 

l 

53.5 

50.9  tl 

0.34  « 

7.0 

5S.3 

50.5  *  1 

0,250 

37  0 

51.3 

51.5  *1 

i _ 

0.081 

118.0 

H 3 


Table  8-7 — Broadband  50-Ohm  Coaxial  SLimeo 


line 

size 

(in.) 

AN 

nomen¬ 

clature 

Signal 

Corps 

drawing 

Upper  1 
frequence  . 
limit  | 

Mas  VSWS  of 
10-ft  cectioo 
with  3  beads 

Max  'rTtWlT.  Of 
connector 

7/8 

CG-1374/U 

SC-DL-33600 

I 

4  kMc  ! 

1.06  at 

1,1  kMc 

1.027  at 

4  kMc 

1-5/8 

CC  ‘773/U 

9C-DL-S3832  i 

2.5  kMc 

1.05  at 

1.0  kMe 

1.013  at 

1.1  Me 

conductivities  of  the  materials.  Ass  the  center 
conductor  accounts  for  about  72  percent  of 
the  losses,  its  surface  must  be  kept  particularly 
clears  and  smooth.  Figure  8-5  Illustrates 
curves  of  attenuation  vs,  frequency  for  typical 
commercial  lines  in  the  60-  and  7 5-ohm  region. 
These  include  a  10  percent  derating  factor 
from  the  theoretical  yalues  ix>  account  for  con¬ 
tact  resistance  at  connectors,  surface  oxida¬ 
tion,  and  oilier  factors  encountered  in  use. 

Power  Rating 

Two  criteria  have  been  used  to  establish 
the  average  power  ratings  of  nlr  lines.  Stand¬ 
ards  TR-103  and  T3-KHB  recommend  half  of 
Die  power  required  to  raise  Iho  outer  conductor 
temperature  40  C  for  a  horizontal  run  in  still 
air.  This  •  equivalent  to  a  maximum  tem¬ 
perature  rise  ef  23  C  on  the  outer  conductor. 
Standard  TR-13-1  limits  the  maximum  Inner 
conductor  temperature  to  100  C  at  an  ambient 
temperature  of  50  C.  The  latter  is  more  con¬ 
servative  baaed  on  comparative  data  by  RCA 
on  their  3  1/8 -inch  lines  at  200  Me: 


Lins  type 

TH-J04-B 

rattog 

TR-134 

ratt)^ 

51 . 5-ohm  steatite 

37  ?sw 

tnuulators 

51.5-ohm  Teflon 

22  lew 

insulated  line 

50.0-ohm  undercut 

22  kw 

Teflon  line 

40  kw 

31.5  kw*  ^ 

”  F  'opened  rating  with  s  70  C  temperature 
rtso  (120  C  hoi  opoy 


Increasing  the  allowable  center  conductor 
temperature  to  120  C  makes  those  ratings 
somewhat  comparable,  but  increases  the  rate 
ot  oxidation  and  annealing  of  the  copper.  How¬ 
ever,  even  tolly  annealed  copper  has  an  ade¬ 
quate  mechanical  yield  strength  for  most  ap¬ 
plications.  Figure  8-6  illustrates  the  variation 
of  average  power  handling  c.n  .'.city  with  fre¬ 
quency  for  the  same  lines  tor  which  attenua¬ 
tion  characteristics  arc  plotted  In  Fig.  8-5. 
These  values  must  be  corrected  for  the  VS1VR 
and  byi.i  factor  (Fj)  wliichdcpeivdsou  the  nature 


of  iho  modulation  of  the  transmitted  Cigna! a. 
Derating  factors  are  shown  below  for  many 
common  applications. 


Application's 

Typical 

upjscr 
limit  of 

vswa 

Ratio  of 
average 
power  to 
rated 

transmitter 
power  (F,) 

Ratio  of  peak 
voltage  to 
carrier  vol¬ 
tage  (F,) 

AM  f  Audio) 

i 

2 

AM  viOO  'fo 
gi-B«  wave] 

s 

1.6 

2 

ns 

a 

1 

TV 

1.1 

i 

1 

Pulsp 

s 

Duty  Cycle*1 

1 

•Duty  cycles  suRudly  range  between  0.001  and 

0.01. 


Correction  should  bo  made  for  any  Increase 
or  dec  roans  c l  tempersturo  rise,  Eq.  (23), 
caused  by  cn  abnormal  ambient  temperature. 
Temperature  limitations  of  oo'dering  and  gas¬ 
keting  materials  obould  ba  examined  carefully 
In  any  high- power  application.  Sec  also  Fig, 
8-3CA)  and  (B). 

Tho  pea*,  power  la  limited  by  voltage  flash- 
over  which  usually  occurs  radially  at  the 
interface  between  the  air  and  the  dielectric 
support.  The  escr.ct  value  depends  on  the 
relative  humidity,  the  surface  roughuesoof  the 
dielectric,  the  presence  of  metallic  burrs,  and 
similar  factors  which  are  very  difficult  to 
estimate-  It  is  customary  to  use  direct  mea¬ 
surements  at  power  frequencies  to  oetabllsh 
safe  operating  values.  Significant  Improve¬ 
ments  In  the  voltage  rating  can  bo  obtained 
by  placing  concentric  grooves  In  the  beads  and 
by  avoiding  sharp  corners  in  the  elcctrle 
field  which  will  introduce  localised  corona, 
A  thin  film  of  sdr  (>10*  cm)  at  a  loose 
bead  will  increase  the  electric  field  Intensity 
by  £  and  reduce  the  permissible  (leak  power 
by  A  smaller  increase  in  the  eioctrlc 
field  occurs  la  the  case  of  an  undercut  bead, 
that  is 

s 

W'rf 
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JF'l-g.  $-5.  ASt«ruatk'.:i  vs-  fr«jufncy,  typical  rigid  coaxial  lies 3. 


For  r-f  operations.,  too  peats  value  of  60-cycle 
test  voltage,  such  as  Indicated  In  Table  0-4, 
should  be  reduced  by  a  safety  factor  of  2,  and 
by  the  factor  F,  toi'  amplitude  laodulatioa. 

Pressurized  Lines 


ft  la  customary  to  preysurSso  rigid  lino* 
with  a  dry  inert  gaa,  such  as  ah-,  nitrogen,  or 
carbon  dioxide  for  more  reliable  operation. 
Altliough  Use  latter  too  gases  have  a  slight 
advantage  In  reducing  conductor  oxidation,  air 
is  more  readily  available  and  hence  used  al¬ 
most  exclusively.  A  gage  pressure  of  1  to 
1-1/2  pul  above  atmospheric  in  adequate  to 
prevent  the  Ingress  of  moisture  duo  to  normal 
temperature  fluctuations.  For  small  systems, 
static  pressure*  may  ba  maintained  by  a  hand 
pump  or  gas  cylinder,  while  toe  large  systems 
use  au  automatic  motor -driven  pomp  In  either 


case,  the  gat)  should  pass  through  a  suitable 
dehydrating  agent,  such  as  silica  ge?L  Higher 
peak  powers  can  bo  achieved  with  obo  or 
more  atmospheres  of  pressure  and  the  nee  of 
electronegative  gnues. 

Special  connectors  are  provided  on  rigid 
line  sections  to  align  properly  the  Inner  and 
outer  conductors,  to  assure  good  electrical 
contact  between  them,  and  to  render  toe 
Junction  pressure  Ught,  Earlier  couplings 
consisted  of  a  polarized  outside  flange  and  a 
male  contact  or  '‘bultot'’  whlc’>  was  soldered 
to  one  of  the  inner  conductors.  (22)  The  more 
recent  military  coupling  designs  arc  shorm 
unassembled  In  Fig.  8-7  and  In  cross  aectioa 
of  an  assembly  to  Fig.  8-8,  They  are  asexual 
and  Incorporate  a  aeif-comp-ensated  bead  at 
the  coupling  to  support  the  weight  oi  tiw 
center  conductor  for  continuous  vertical  rum. 
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Interchangeable  flanges  for  sill  line  eliies  are 
being  adopted  as  standard  by  EIA  and  hie  mili¬ 
tary  services.  However,  the  contacts  shown 
for  the  7/8-  and  1  5/8-inch  lines  are  com¬ 
pensated  for  higher  frequency  use,  and  require 
less  cutback  of  the  center  conductor  than  the 
EIA  types.  A  swivel  flange  is  also  available 
to  provide  for  angular  misalignment  problems, 
particularly  in  right-angle  fittings.  A  large 
variety  of.  matched  fittings  can  be  obtained 
in  each  line  tuzo  to  provide  angle  bends, 
termination  of  the  line,  and  gas  connections, 
and  to  provide  interconnection  between  other 
line  sizes,  flexible  cable,  and  r/avegulde. 

Expansion  and  contraction  of  tiro  line -due 
to  temperature  variations  may  be  expected 
to  lie  about  1-1/2  inches  per  100  feet  from 
-25  to  +1',5  F.  In  horizontal  runs,  full  pro¬ 
vision  must  ke  made  for  thle  by  the  use  of 


awingteg  hangers  or  roller  supports,  fbr 
vertical  runs  on  a  stesi  tower,  the  differential 
eapaooion  is  reduced  to  about  1/2  inch  per 
100  fest  and  can  be  accommodated  by  spring 
Siangero,  A  rigid  hanger  and  two  90-degree 
elbowo  are  recommended  to  anchor  the  line 
at  the  antenna  and  to  facilitate  its  independent 
tost, 

8SMLFLEXLBLE  LINES 

There  are  many  constructional  variations 
between  die  rigid  coaxial  lines  and  flexible 
caJbleB  which  fall  in  the  broad  category  ci 
somiflexible  linos.  These  lines  can  be  fabri¬ 
cated  and  shipped  in  continuous  lengths  from 
200  to  2000  feet,  which  can  be  formed  into 
moderate  be  Hiring  installation.  The  outer 
conductor  te  ooth-drawn  or  corrugated 

billing  of  a  ductile  metaL  Additional  protective 


m 


Fig.  8-7.  Disassembled  couplings  for  standard  7/Q-lach  swjl  1-3/8' 
loch  O.D.  coeala!  line*. 


covsrtRgo  may  bo  added  for  groat  or  abrasion 
Of s2  corrosion  resisSanco- 

AliT^aced  Lines 

The  dielectric  of  a  e-omlfloxMo  line  snsy 
bo  either  an  alrfipaced  structure  or  a  con¬ 
tinuous  form  of  solid  Insulation.  In  the  former, 
a  t""! Unuou-fi  ribbon  or  rod  of  dielectric  ma¬ 
teria!  is  spiralled  openly  with  a  uniform  pitch 
arourd  the  center  conductor  to  support  It  and 
to  maintain  a  low  effective  permittivity.  Styro- 
fler*  cables  are  manufactured  with  a  con- 
Uiswu's  laminated  helix  composed  of  thin 

*  Tf-.e  following  trad*  names  are  used  as  a  con- 
aessisai  htentlflcstlcs  of  a  specific  cable  cotisinic- 
tk*a.  The  discussion  1*  not  restricted  to  one  prod¬ 
uct,  but  to  Intended  to  encompass  all  cable*  cd  a 
jirsiUr  roaalructloa: 

fttyroOes,  fyirafll,  Kuarafle*  —  Fheip*  Dodge  Cop¬ 
per  Product*,  Now 
York,  H.  Y. 

Strips*  —  Andrew  Corp.,  Chtcigr  UL 
Al}s!«  —  Amphenol  Electronics,  Chicago,  HI. 

5felAc,u  Membrane  —  The  Telegraph  Construction  fi 
Maintenance  Cc-.  Ldd.,  Green¬ 
wich,  London,  England. 

Canada  Wire  h  Cable  Co., 
Toronto,  Canada 

Pyrotrerars  —  Pyrote-aaa  .bid.,  flcbbum.  County  Dur¬ 
ham,  England 

General  Cable  Corp.,  New  York,  K.  Y. 


flexible  oriented  polystyrene  tape*.  {So®  Fig. 
8-9.)  Tiro  high  tffliyllo  and  compressive 
strengtbg  of  tha  Sty  reflex  film  (10,000  fa 
13,000  pal)  and  tbe  wrapping  technique  permits 
the  finished  cable  to  withoiaBd  high  tensile 
forces  and  cnmhlr;’  load*.  Overall  dimensions 
range  from  3/8  to  £-1/8  ktcheo  and  closely 
follow  .rigid  line  practice.  Table  8-3  sum¬ 
marises  the  electrical  smd  mechanical  data  for 
the  30-olim  typos.  (23)  Comparable  deaignn 
are  also  avallrble  with  Impedances  of  7 0  and 
77  ohms  from  1/2-  to  3-1/6-lnch  diamotov. 
All  cables  are  made  with  an  optional  black 
polyethylene  sheath  is-  with  special  armoring 
for  subterranean  or  submarine  use.  In  tbs 
smaller  since  (3/3  and  1/3  inch)  adequate 
mechanical  strength  Is  obtained  with  an  ex¬ 
truded  round  polyethylene  O’  Ion  filament 
(Spirafil),  which  is  much  simpler  anti  less 
cosily  to  produce, 

The  Helical  Membrane  cable  uses  a  thin 
flat  rlt?bon  of  either  polyethylene  or  Teflon 
to  support  tha  inner  conductor.  Tills  mo  rob  rune 
Is  obtained  by  cutting  n  spiral  In  a  hollo© 
dielectric  tubs  of  prcclea  size,  and  aa  aln- 
mlmira  sheath  la  drawn  down  tightly  over  the 
open  spiral.  This  construction  result*  In  a 
slightly  lower  permittivity,  attenuation,  and 
!  t  than  tha  Styroiicx,  but  le  not  as  rugged. 

.*»  feasible  over  tha  aire  range  from  0.475 
to  2.125  Inches.  Greater  cara  roust  bo  taken 
in  the  installation  to  s&sure  that  slippage  o£ 
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Tig.  3-8.  Brosfc£>sad  tc  -uslcl  Um  coupler. 


the  center  conductor  does  not  occur  doe  to 
bonds,  thermal  expansion,  or  a  combination 
thereof.  (24) 

The  He  Mix  cabla  usos  g  thicker  ribbon  of 
polyethylene  to  support  the  inner  conductor, 
within  a  corrugated  stool  tubing.  (25)  This 
tubing  in  copper  clad  on  the  in  aide  for  im¬ 
proved  conductivity  and  ie  protected  externally 
by  a  blturotixT's  weather-proofing  compound, 
impregnated  paper  taper,  and  a  tough  vinyl 
jacket  HelUx  cables  are  presently  available 
in  nominal  7/8-  and  1-6/S-lnch  diameters, 
with  consideration  being  given  to  Use  3-1/0- 
inco  size.  No  straightening  or  bending  tools 
aro  required  for  field  installation.  The  ability 
of  the  outer  conductor  to  withstand  repeated 
flexure  (50  to  £00  times)  about  a  radius  ten 


OUTER  ALUMINUM 
CONDUCTOR 


STYROFLEX  TAPE 
LAMINATED  HEU.X 


tiaiec  its  overall  diameter  permits  yosooHable 
reuse  of  the  cable. 

The  oJcscMcal  properties  of  these  airspaced 
cables  ere  very  similar  to  rigid  lines  below 
100  Me.  In  this  region,  the  aluminum  outer 
conductor  increases  ths  attenuation  shout  g 
percent  Above  100  Me,  thlg  difference  grad¬ 
ually  increases  with  frequency  to  an  ultimate 
value  of  35  to  45  percent  above  the  equivalent 
size  rigid  line  at  cutoff.  The  impedance  vari¬ 
ation  with  frequency  is  also  sightly  larger, 
but  still  below  a  VS  WE  of  1.08  aa  a  romut  ol 
minor  irregularities  in  the  dielectric  struc¬ 
ture  and  dimensions  of  the  outer  conductor. 
However,  close  to  the  upper  frequency  limit, 
a  marked  lowering  of  the  Impedance  has  been 
observed  duo  to  an  Increased  concentration 
of  the  electric  field  in  the  dielectric.  (.28)  These 
cables  chouid  be  Installed  with  sealed  fittings 
and  maintained  with  e  positive  dry  gag  pres¬ 
sure.  Fittings  are  available  tea,  aro  com¬ 
patible  with  both  rigid  lines  and  flexible 
cablea 

Solid  Dielectric  Linas 


The  second  category  of  aamlfiexiWo  cabto 
uses  a  coild  or  continuous  form  of  dielectric 
in  the  elre  range  from  0.080  to  0.760  inch. 
One  of  toe  early  types  (RG-81  anti  82/li)  uses 
a  highly  purified,  compacted"  magnesium  oxide 
insulation,  with  soft  copper  conductors,  (27) 
Tiie  attenuation  of  these  Pyrotenax  cables  la 
somewhat  high,  particularly  at  too  higher 
i , vquenclec,  and  tho  Insulation  is  very  hydro¬ 
scopic  when  exposed  to  the  atmosphere,  Mo rr 
recent  designs  uso  polyethylene  or  Teflon 
(Aijak)  or  teamed  polyethylene  (Foaruflox)  with 
an  plumb.  ;  sheath.  Tea  Introduction  of  s 
colid  dielectric  lacreac-ca  toe  peak  operating 


INNER  COPPER 
CONDUCTOR 


\ 


CUTER  PELT  OF 
■STY  ROE  LEX  TAPES 


Fig.  t-S.  Cutavr.iy  fcciloa  of  Styroficx  aft. 
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Table  3-S — Nominal  Characteristics  c3  glyrcflea  50-Ohsa  Coastal  Cable* 


Over.il? 

diameter 

(in.) 

Dielectric 

con&tau! 

Cspr1Cit21-.ee 

(mrnf/fi) 

60-c-ycl©  ! 
peak  1 
test  j 
voltage 
(tor) 

3/S 

1.49 

24 

2.2 

i/2 

1.24 

24 

3.4 

3/4 

1.24 

23 

5.0 

7/0 

1.23 

22 

8.0 

3-1/0 

1.23 

22 

8.0 

1-5/8 

1.20 

22 

11.0 

3- 1/8 

1.18 

22 

19.0 

6-1/8 

1.1© 

22 

45.0 

conductor 

(in.) 


Outer 

sonductos- 

(in.) 


Wall 

O.D. 

i.D. 

O.D. 

itolid 

0.112 

0.2C3 

0.375 

Solid 

0.132 

0.421 

0.500 

Solid 

0.251 

0.632 

0.750 

Solid 

0.300 

0.758 

0.875 

0.051 

0.400 

1.007 

1.125 

0.055 

0.591 

1.472 

1.025 

0.071 

1.1  57 

2.850 

3.123 

0.118 

2.25 

5.512 

0.123 

Minimum 

te*5-al]ed 

brr.aicj 

radios 

(to.) 


voltage  and  the  attaccatloa,  but  lowers  Uis 
Jiermal  reolirtatice  sufficiently  to  retain  t.ho 
equivalent  •''•war  handling  capacity  of  an  air- 
spaced  line.  Bern  iflexibla  linoa  lyithout  a  jacket 
have  a  smaller  volume  and  Improved  pov/ar 
rating  in  comparison  to  flexible  cables  of  the 
same  diameter  over  fee  dielectric.  Tlie  solid 
outer  conductor  also  has  a  lower  attenuation 
than  a  braided  cable.  The  solid  dielectric 
eemlflexible  cables  can  be  permanently  sealed 
tor  high  altitude  or  for  submarine  ueo  without 
the  need  tor  auxiliary  pressuring  equipment. 
Although  an  exact  comparison  is  not  pooalblo 
due  to  dimensioned  difference,  Table  8-0 
illustrates  the  grattesl  transition  of  ebar- 


i:ctos:1si:ic2  cm  various  8b -ohm  type®  In  tha 
3/8-icch  nomiasl  else  ranges. 

Semiilaxible  cablag  provide  a  compact,  nig¬ 
ged  imjtsllation,  with  the  mechanical  pro¬ 
tection  equivalent  to  lightweight  conduit  for 
permanent  interconnection  within  open  cable 
racownys,  along  buLkhcsdn,  arc!  in  similar 
nitmtioruj.  Lailm.-ito  contact  with  any  metallic 
rupporting  structure  enhances  their  internal 
heat  dlsai.pative  properties  Aluminum  inflnd- 
in<j  increagln.g  use  duo  to  i to  lighter  weight, 
iowor  cost  and  nonstraieglc  nature  in  com¬ 
parison  with  coppsr.  The  proper  toole  nsue£ 
bo  used  to  avoid  any  sharp  bccd'3  or  kinito  ia 


T3i*r  8-8 — C.'mparlson  o t  Various  SO-Ohm  Seyotflexibie  Cables 


Commercial  tyjw 


Heilcal  ntvro-  PVro- 

mem-  7,  Poarafies  Aijak  Aljxi  /  RO-9/U 

1183  IfiCAX. 

jrar-s 


Dielectric 


Outer  conductor 


Alr-yparcd 
ToTycih-  PuTysty- 
y  lc  ne  rene 

ribbon  tapes 


>  named 
Folyetti- 
ylcus 


Overall  diameter  (in.) 

Diameter  over  dielectric  (hi.) 
Weight  | lb /tOO  It) 

Minimum  bending  radius  (Is  ) 
Minimum  shlppm.i;  liurartar  (ta.) 
Upper  operation  temp.  tJf-g  C) 


Capacitance  (mmt/ft) 


Attenuation  (tfc/100  ft) 


,-iverafce  po*er 

tkw  at  +0  C  ambient)  i 
Operating  voltage  (tv  prat) 


0.4  73 
0.400 
!  43 

7 

28. 4 
85 


T  0.3T5 
1  0.393 


10  Mr 
100  Me 
5007  Me 
10  Me 
ICO  Me 
1000  Me 


tto’.td  dielectric 


Polyeth¬ 

ylene 


0  325 
0.285 
103 
1.8 
8.5 
200 


0.375 

0.SU 

1T2 


P.  '.yelh- 
ylvae 


0  420 
0.2S3 

no 

3.1 

8.3 

85 


Raw'd  on  a  33  C  ambits*  temperature. 
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unreeling  and  Installing  cable,  sad  with  such 
cars,  cable  can  fes  reused. 

Precautions  abculd  be  taken  to  prevent  con¬ 
tinual  vibration  from  "woi'k  hardening’*  and 
eventually  cracking  the  sheath.  Copper  sheath 
io  hotter  than  aluminum  from  the  ciaodpoint 
oi  vibration  resistance.  Tfasee  cables  can 
withstand  short-time  operation  in  ii»®  pree- 
ence  of  opea  flames,  Sustained  use  above 
their  rated  temperature  will  cauee  damage  to 
the  cable  sheath  due  to  the  relatively  large 
thermal  coefficient  of  expansion  of  the  di¬ 
electric.  However,  mineral-lneulated  types 
can  be  used  up  to  250  C  for  limited  operation 
up  to  about  100  hours,  and  clone  to  the  soften¬ 
ing  point  oi  copper  under  emergency  condi¬ 
tions. 

Unprotected  copper  or  aluminum  can  bo 
used  outdoors  In  dry  locations  or  in  aerial 
installations  tjhero  there  is  no  danger  of 
electrolytic  action.  In  vet  locations,  or  in 
the  prosenco  of  corroBive  vapors,  the  ghaath 
should  be  protected  with  asphalt  coated  tapes, 
or  a  Jacket  cf  black  polyethylene  or  vinyl.  A 
metallic  armor  is  recommended  for  addi¬ 
tional  mechanical  protection  when  under¬ 
ground  or  underwater  burial  is  required. 

7LL/JBLE  CABLES 

Flexible  cables  are  the  a  Implant,  most 
versatile,  and  popular  moans  of  transmission 
of  r-f  ned  microwave  energy.  Since  1942., 
they  have  been  improved  continually  with 
regard  to  temperature  range,  attontuation 
stability,  and  operating  voltage.  Their  ex¬ 
tensive  use  has  also  been  a  raojor  inrontlve 
for  the  development  of  new  high-frequency 
dielectric  materials  and  new  production  tech¬ 
niques.  Coaxial  cables  have  boon  made  in  a 
wide  range  of  aiccs  and  electrical  eharactcr- 
leticfl,  Discussion  am!  data  herein  arc  limited 
to  the  most  used  or  “standard"  coaxial  typ«3 
with  dual  su;d  twin  cables,  putoo  cables,  and 
special -purpose  cables  being  treated  In  sub¬ 
sequent  aectioaa. 

Specification* 


Cable*  are  Identified  uuiveroaily  by  their 
military  nomenclature  (consisting  of  the  com¬ 
ponent  Indicator,  KG);  a  dfinh  followed  by  an 
arbitrary  serial  number  with  suffix  letter* 
designating  subsequent  design  changes;  a 
slant  line  and  tho  suffix  U  Indicating  general 
utility  (for  example,  RG-8A/U).  Tho  compo¬ 
nent  Indicator  RG  applies  to  all  untcrnslnated 
leng'ha  cf  r-f  transmission  lines  anti  wave¬ 
guide*.  (2-9)  The  majority  of  cables)  Are  pro¬ 


cured  in  accordance  with  Specif  icatioa 
24IL-C-17B,  *‘CabieE,  Radio  Froqusncy,  Dual 
Coaxial,  Twin  Conductor  and  Twto  Lead,"  off 
by  interim  drawings  or  specifications  whiefc 
refer  to  it  As  of  August  1957,  th®  Air  Force 
planned  to  utilize  MTL-C-17B  for  all  general 
purpose  cables.  In  addition.  Air  Force  apa-ri- 
fications  are  of  two  types,  one  for  epecial- 
purpoae  cables  and  one  for  new  experimental 
types  to  bo  brought  under  MD.-C-l^B  at  a 
later  data.  A  waiver  is  required  for  uje  use 
oi  either  of  the  latter  two  types  of  cable  olive® 
single-service  spe  iiiicationfl  are  not  Hated  fa 
the  coordinated  installation  specification 
MIL  -W-6080.  The  E1A  Standard  134,  "Solid 
Dielectric  Cables,"  is  vary  similar  to  MIL- 
C-TT,  but  to  restricted  to  tho  more  com¬ 
mon  polyethylene  types.  Many  of  the.ee  cables 
are  also  being  adopted  for  military  applica¬ 
tions  by  the  North  Atlantic  Treaty  Organisa¬ 
tion  (NATO)  countries  and,  for  commercial 
applications,  through  the  International  Elec¬ 
tro  technical  Commission. 

A  brief  summary  v.  I  the  contents  of  savers! 
of  the  military  specifications  in  most  general 
use  Is  given  in  Table  8-10. 

Construction 


All  cables  consist  of  the  aatna  basic  ele¬ 
ments:  a  center  conductor,  a  low-toss  colid 
or  aemleolld  dielectric,  and  one  or  more 
braided  outer  conductors  followed  by  a  water¬ 
proof  covering.  Over  this  covering  njodiuus 
and  largo  olio  cables  may  also  hava  an 
.. .  mor,  or  a  load  sheath,  or  toad  aheaih  and 
an  armor.  Many  compromises  are  Involved  na 
to  the  choice  of  materials  and  constructional 
features  of  each  of  those  elements  to  attain 
good  overall  electrical  and  mechanical  per¬ 
formance  under  a  wide  rang®  of  environ¬ 
ments,  Some  of  thoee  fcctoro  »ro  discucsod 
briefly  baton. 

Center  Cnmluctor.  Solid  copper  Is  used  for 
conduclors  above  approximately  0.100  Inch  is 
diameter  and  concentric  stranded  conductors 
(7,  19,  or  27  strands)  below  0.100  inch  for 
groalor  flexibility  except  for  certain  minia¬ 
ture  cables  where  adequate  flexibility  can  bs 
achieved  with  a  solid  conductor.  In  then* 
nma.ll  sice  cables,  the  majority  of  the  floxlryf 
ntreas  la  absorbed  by  the  dielectric  and  jack¬ 
eting  materials  whose  strength  exceeds  that 
of  tlu-  conductor.  Thus,  tha  conductor  does 
not,  In  general,  limit  the  ilex  life  of  tha  com¬ 
pleted  cabin. 

Single  copper-clad  sdeel  conductors  al*o 
provide  good  flexibility  and  add  mechanic*! 
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strength  in  the  small  and  miniature  sizes  nnd 
ia  the  airspaced  cables,*  Silver  coatings  nr« 
necessary  on  high-temperature  cables  to  pre¬ 
vent  rapid  oxidation  of  the  copper  during  proc¬ 
ess! and  use.  Nickel  coatings  arc  also 
ueod  for  this  purpose.  Tin  coatings  are  used 
to  facilitate  soldering  of  cables  to  fittings. 

Tin-  and  nickel-plated  conductors  should  be 
limited  to  low-frequency  applications  where 
the  thickness  of  the  coating  will  not  increase 
tfea  conductor  attenuation  significantly. 

Dielectric.  Polyethylene  is  used  2lmoet  ex¬ 
clusively  v/here  the  maximum  temperature 
will  not  exceed  85  C.  It  Is  extruded  directly 
over  the  center  conductor  in  either  a  solid 
or  .Jrspaced  form.  Polytetrafluoroethylene 
(Teflon)  is  required  when  temperatures  from 
85  to  250  C  are  encountered  In  tbo  vicinity  of 
the  dielectric.  It  may  be  extruded  and  sin¬ 
tered  in  solid  form  or  built  up  from  layers 
of  tape  to  achieve  greater  flexibility.  A  high- 
temperature  sealing  compound  must  be  used 
to  fill  the  voids  in  the  taped  cable,  except  in 
the  miniature  sines  where  the  tapes  can  be 
adequately  heat  fused. 

Outer _ Conductor.  A  single  eloae  fitting 

braid  of  fine  copper  wire  (Q.O'O  to  0.004 
Inch)  is  used  most  frequently.  Tin-  or  cllver- 
conted  strands  are  used  for  the  same  reasons 
as  on  the  center  conductor,  as  well  ao  reduc¬ 
ing  the  apparent  r-f  resistance  of  the  brald. 
A  second  braid  of  either  copper  or  steel  Is 
used  to  Improve  shielding.  Tho  second  braid 

’  Miniature  coaxial  cable*  using  seven  atrinds  pf 
So.  36  AWG  nickel-plated  aroeak coppe r veltl  cen¬ 
ter  rooduviora  are  furnished  by  several  manufac¬ 
turers.  Tire  conductor  ha»  approximately  8  percent 
eloogaiSon  atxi  a  minimum  of  70,000  pal  tensile- 
«trensyth.  The  overall  cable  strength  before  break¬ 
age  o.<  the  center  conductor  ia  nearly  dnubis  Uial  of 
s  hard-draim  coppeywcld  conductor.  Use  of  thl* 
type  of  cable  is  indicated  when: 

I.  Several  miniature  co.u  cables  are  to  be  bound 
topjtfccr  In'o  a  mulllconduclor  cable. 

J.  When  IiK.g  runs  are  necesflary. 

TSe  conductors  are  1 1  in  1  ted  to  frequencies  below 
100  Me  In  general. 

Not  enough  expe rtrnea  has  been  accumulated  as 
of  August  Idbl  to  Indicate  the  ultimate  value  rvf 
tfc.  ee  experimental  catile*.  especially  with  regard 
to  the  after.uat.ton  caused  by  the  nickel  plat!:-.;. 

It  Is  worth,  not  In-  that,  ohe:v  dancer  of  nicking: 
the  conductor  In  stripping  Is  ponsible,  the  atranded- 
cenlcr -conductor  fv  )>e  t  are  prefer  re- i  to  tire  eolld- 
ccnductor  tyres.  It  nicking  Occurs  with  (he  latter, 
the  probability  of  *  complete  break  in  the  conduc¬ 
tor  Is  much  greater  than  with  U>e  branded  conduc¬ 
tor  where  it  la  unllke'y  'hat  all  the  strands  xould 
be  broken  Is  fiexlo£. 


has  only  n  secondary  effect  on  the  attent*atfos 
and  to  designed  primarily  for  improved  flexi¬ 
bility  and  shielding. 

Jacket  Black  vinyl  resins  are  eidnated  or 
tubed  over  the  outer  conductor  of  all  poly¬ 
ethylene  dielectric  cables.  Cables  with  TsQoe 
dielectric  have  a  close  wrap  of  Teflon  (ape, 
followed  by  one  or  more  glass  orator  Im¬ 
pregnated  with  s  silicone  varnish.  Asi  ex¬ 
truded  rubber  sleeve  with  a  Dacrta  braid 
impregnated  with  a  fluorocarbon  lacquered 
can  ba  used  to  imp:: we  the  very  poor  abra¬ 
sion  resistance  of  the  glass  iida.  For 
miniature  cables,  a  wide  variety  of  jacket 
materials  is  available  with  different  upper 
temperature  limits,  such  aa  extruded  Teflon 
or  heat-fused  tapes  or  Teflon-impregnated 
glana  (200  C),  extruded  tEonochio roirliluor- 
eihylene  (H  Kel-F,  ffTurothene  cr  PolyfH’.j’oa) 
(135  to  150  C),  extruded  nylon  over  vinyl  or 
heat  fused  or  lacquered  nylon  braid  (105  to 
135  C).  CensldensUm  to  also  being  given  to 
Die  use  of  high  molecular  weight  polyethylene, 
pigmented  blacit,  for  polyethylene  cable  where 
tha  tomporaturfi  will  be  kept  bolop  85  C, 

protective  Cororirgs.  a  close  braid  o?  alu¬ 
minum  armor  and  paint  to  applied  over  iho 
Jacket  tor  shipboard  Installations.  An  armor 
also  protects  the  Jachot  against  cuts  md  tears 
in  hazardous  locations  or  during  burirl  is 
ro-rJcy  terrain.  Cxbles  for  p^imatHTEl  bur  ini 
in  wet  locations  hsrre*  a  lotto  sheath  over  trig 
Jacket  for  added  long-time  rtoi store  rasf-sl- 
ance.  A  serving  of  heavy -duty  gal,valxcd 
steel  armor  xrire,  esnbeu.led  in  lays.'  0  of 
:mp  .altcd  jute,  is  for  the  ir.etalla- 

Uon  and  recovery  of  theca  heavy  leaded 
cables. 

The  mechanical  characteristics  of  these 
cables  are  adequate  to  withstood  normal  field 
usage.  Tb«  present  vinyl  jackets  have  a  tem¬ 
perature  range  from  — iU  to  +10-0  C,  are  water 
and  weatherproof,  flame  and  solvent  resist¬ 
ant,  with  good  abrasion  and  tear  properties. 
Experimental  work  indicates  tost  a  silicone 
rubber- lacquered  polyester  fiber  braid  jacket 
has  an  abraoton  resistance  nearly  as  great  as 
vinyl  used  on  polyethylene  cable  and  to  useful 
over  tho  range  -55  to  200  C.  Tho  Teflon  tape 
and  gU.33  braid  coverings  have  3  wider  tem¬ 
perature  range  (-55  to  350  C)  but  are  somo- 
whit  lean  rugged,  particularly  with  respect 
to  abrasion  resistance.  Their  behavior  will 
ba  discussed  more  fully  under  “t.nviron 
mental  F sc  loro.  " 

Cable#  can  bo  grouped  most  conveniently 
In  terms  of  their  diameter  over  dielectric 
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Table  8-10 — Military  Specifications  Cccas-rcad  with 
Transmission  I.lnes 


Number  and  title _ 

Scope? 

1  Flexible  cable* 

M1L-C-17B  ■‘Cables,  Coaxial 
and  Twin  Conductor  for  Radio 
Frequency  Use.” 

Basic  omnibus  eoosxiinated  ^reifi¬ 
cation.  Contains  virtually  all  typeo 
of  flexible  coaxial ,  puice,  asxl 
special  purpose  r-f  cables  Is 
common  usd.  Isetisdee  a  few  seasi- 
fSexible  eabtjs. 

M1L-C-4868  (USAF)  “Cable. 
Radio  Frequency  RG-62B/U" 

Performance  requirements  for  cx» 
typo  of  lor/ -cspac Uanc a  r-f  cable, 
RG-C2B/U  superseded  by  MU.-C- 
""175  (USAF). 

MIL  -C-8T21  (USAF)  "Cable 

Radio  Fr-quency,  Coaxial 
Miniature" 

Miniature  Teflon  cable*,  specifi¬ 
cation  supereetted  by  MIL-C- 
255C3  (USAF).  Scene  of  the  eaifies 
aro  also  bolcg  Included  in  MSi- 
C-17B. 

MIL -C- 15452  (Ships)  "Cable, 
special  purpose,  (to..' 
electrical  coaxial  lead 
wrapped,  nylon  covered.” 

A  special  lead-wrapped,  nylort- 
eoverod,  csaadsl-electrlc-tow 
cable  to  bo  Ksed  for  continues** 
submerged  tow  tog  at  ccj. 

M1L-C-23505  (USAF),  "Radio 
Frequency  RG-ilSA/C" 

Detail  requirooseai*  for  r-f  cable, 
RG-155A/U-- eupera-sdod  by 
M1L-C-25575  (USAF) 

MIL-C- 25875  (USAF)  "Cables, 
Radio  Frequency.  Coaxial” 

Flexible  and  semtnrxlWo  si)l?kte& 
cables,  for  u.re  a*  r-f  trxas- 
ruUsiou  Hn-esi  U  airborne  radar 
and  conarjcciioaUcn*  systems  cl 
the  Air  Force. 

NOTE:  l.  SuewsKKte*  Ma-C-»509 
by  ft-cc  25375/3 

(RG-115A/U) 

2.  Supersede*  MJL-C-iSdS 
by  Spec  Sheet  25S‘7t/l 

(RG-S23/U) 

This  specification  encompsvftre* 
RG-71 B,  17?, A,  171) A,  1 80A/U 

2C0/U. 

Rigid  lloca 

MU  -  L  -  5300  “Lines.  Radio 
Frequency  T ransnPr.s-nn" 
MlL-C-9340  (USAF)  "Cable, 
Radio  Frequency  UG-134" 

KitaRllflta-a  &  lx  r-  o  and  rcquirc-rftraia 
{or  50-^Vii  crack*;  iorn,  alx^a 
from  3/8-  Co  8-1/8-lrvh  0-  EX 
Roqulrtmctife  for  a  specific  krw 
c.^viriUrKO  Irvx^r locking  Tc>fksi 
befid-supysorlffd  wrolfli* ill'll  czbit. 

(DO. LX).  In  each  sire  ramre.  cables  are 
available  with  impedances  ol  00  ami  75  ohms, 
with  a  general  purpose  or  high  temperature 
dielectric,  and  with  special  additional  cover¬ 
ings  icq’il  red  for  mechanical  proiect'en. 
Table  8-11  summarizes  these  various  con¬ 
structional  equivalents  and  subsequent  data  vdll 
refer  to  the  nomenclature  of  ttio  basic  cable 
only.  Table  8-12  indicates  the  general  char* 


actcrir.tlcn  of  the  so  cables:  more  detailed 
Information  is  contained  la  MIL-C-17B. 

Power  and  Voltage  Rating* 


As  mould  be  expected,  the  voltage  and 
power  ratings  Increase  and  the  attenuation 
decreases  directly  with  the  diameter  over  di¬ 
electric.  For  the  equivalent  D,  O.D.  and  con- 
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TatJa  G-U — Si'icasary  of  Cable  Dose  end  Cicmstract&aM 


0  Teflon  caMrs  a re  Shs  preferred  eoastrocUcn  for  nlnfoture  s~zs  coaxial  cableo  be¬ 
cause  ol  lbs  difficulty  encountered  Ln  soldering  proper Jy  Ibrss  small  cables  witfcxd  dan:- 
aye  fo  the  poly  'hylen«  dielectric, 
f  Prii'erred  values  {or  fuioro  drc"*^. 
i  CaM*  has  L-V  jiciei. 

struction  there  Is  practically  no  difference 
bet  wen  Uw  aUmnution,  power  rstiri-a,  or 
voltaic  rating  of  50-  mvj  75-ehm  r?t!ns. 

Figures  0-10  and  8-11  o  Uw  variation 
attenuation  and  povsei  rat  in.;  va.  frequency  for 
the  full  range  csf  Pistes  of  50 -ohm  polyethylene 
cables.  The  attenuation  curves  should  no*  be 
exirajwlatrd  dope  to  cutoff  becau-sa  of  their 
rapid  charge  of  nlopo.  Further,  the  povrtr 
curves  should  i set  be  projected  to  frequencies 
lover  than  10  Me  for  C-YV  operation,  since 
electric  bre.xkdown,  rather  than  thermal  limi¬ 
tations,  v.  Ill  govern,  'i'll?  average  power  Is 
rated  for  a  40  C  rise  above  a  40  C  ambient 
temperature  (that  la,  a  maximum  ' '  hot  -  spot >> 
temperature  of  80  C  on  the  center  conductor^. 

With  the  Increased  use  of  coaxial  cables 
In  missiles  where  a  short  cable  life  only  Is 
expected,  conelderable  though!  Is  being  gives 
to  the  relationship  between  temperature  and 
time  until  failure.'  Cables  are  being  used  be¬ 
yond  their  present  n...ngs;  but  when  they  arc 
go  abused,  long  life  should  not  be  ex pec t ed. 
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Trxsrcerature  Derating 


Tt*>  pv-ror  correction  factors  for  other  bjd- 
bU'ci  or  ronxlnium  temperatures  are  Indicated 
bffllo 


Ambient 
temperature 
(deg  C) 

Max-  center  roadtu 
temperature  (deg 

'tor 

C) 

§0  I  ’,5  j  70  { 

Correction  factor 

40 

1.00 

0.73 

o.Mi 

£0 

0.12 

0.59 

0.46 

0.33 

£.0 

0.46 

0.30 

0. 22 

0.10 

TO 

0.20 

0-Ci) 

0.00 

— 

The  cable  sire  should  be  selected  go  that  In 
cstreg&ca  of  operation  ii>e  center  conductor 
temperature  stays  below  tJQ  C.  Where  con- 
tintscKio  flexing  Is  Involved,  ©5  C  Is  e  recom¬ 
mended  maximum. 

For  hlgbnr  ambient  temperatures  or  for  In¬ 
creased  power  ratings  Teflon  cables  must  bs 
ueted.  While  the  Teflon  ciaa  safely  w  tth  si and 


TeMo  8- 12-— CSuracterUtica  o i  StaraSifd  R-F  Cables 


Type 

RG- 

Inner 

conductor 

•  Dla.  oi 
dielectric 

(in.) 

_ 

1 

Shielding 

healths) 

Overall 

dtom-»laf 

Ua-> 

Weight 
(lb/ 100  ft) 

Maxlmuja 

operatic® 

vpJUg® 

(rns*) 

SO-oJas  polysthylena  dielectric  j 

S74/U 

7/0. 0M3 
Coppervreld 

0.0543 

Txjyied 

ccpr>er 

0.100 

0.SS 

l,0CO 

127  'll 

27/0.005 

Tinned 

copper 

0.093 

Tinned 

coppt? 

o.ioo 

2.0 

1,900 

5SC/U 

19/0.0071 

Tinned 

copper 

Q.llS 

TJnnsd 

copper 

0.105 

2.9 

1,CO0 

55A/U 

0.035 

Silvered 

copper 

0.110 

Two 

Silvered 

ccpp-er 

0.216 

irarnil 

S.2 

i.too 

5B./U 

0.053 
Silvered 
coppc  r 

0.105 

Two 

silvered 

copper 

0.332 

9.3 

3,000 

8A/U 

7/0.0295 

Copper 

0.235 

Copper 

0.405 

12.0 

5,000 

gn  u 

7/0.029S 

Silvered 

ccpp*r 

0.285 

Two 

sllvere-d 

copper 

0.423 

15.3 

5,000 

HA/V 

0.106. 

Copper 

0.370 

Two 

retype? 

0.545 

23.0 

7,000 

17A.U 

0.195 

Copper 

0.680 

Ccp^r 

0.870 

49.1 

11,000 

19A/U 

0.200 

Copper 

0.910 

Copper 

1.12.0 

74.S 

14,000 

7  5  -ohia  pol  y  rfh  yl*n* 

d!  fleet  rise 

59A.  U 

0.0230 

Copp  fr','el{* 

0.145 

Copper 

0.242 

3.S 

7,500 

9A/U 

0.0.735 

Coppcr^eld 

0.185 

lrr^r  — 
t iivfr- 
coutec! 
ccv^-ar; 
CX:tor  — 
c<*.y«r 

0.352 

3.2 

S,70O 

1 1 A  U 

7  0.0 139 

Tinned 

copper 

0.235 

C  oppe  r 

0.403 

9.1 

5,000 

134  V 

7  0  01 59 
Tinned 

••  Wer 

0.235 

Two 

copi>er 

0.423 

12.4 

3,000 

HA  U 

7  Q.C'19 

0.430 

CcK^>t?r 

0.533 

2-3.1 

0,500 

164  -  U 

0.1045 

Copper 

0.6S0 

CiT'-per 

o.c  ro 

— 

ic.oeo 

Table  8-12 — Characteristics  cl  Slanted  R-F  Cable*  (cent) 


Type- 

j£] 

' Inner* 
conductor 

Dia.  erf 
dielectric 
(in.) 

Shielding 

E>raid(8) 

Overall 

diameter 

(bu) 

Weight 

()b/100ft> 

Maximum 
operating 
voltaga 
(nna)  j 

|  50-obaj  Tefloa  di«lect?fic  cities  ^ 

196/JJ 

7/0.004 

Silvered 

Coppenjeld 

O.OS4t 

Silvered 

eoppar 

0.88® 

•• 

590 

188/U 

' 

7/^.  0087 
Slivered 
Copperweld 

0.080 

Silvered 

copper 

0,110 

1.25 

1,200 

141/U 

0.0359 

Silvered 

Coppenreld 

0.118 

Silvered 

copper 

0.19C 

3.0 

1,900 

142/U 

0.0359 

Silvered 

Copperweld 

0.116 

Two 

silvered 

copper 

0.206 

(mas) 

4.6 

1,900 

143/0 

0.0570 
Silvered 
Copper  weld 

0.185 

Two 

silvered 

copper 

0.325 

10.2 

3,000 

115/U 

7/0.028 

Silvered 

copper 

0.250t 

Two 

«ilverod 

copper 

0.375 

. 

6,000 

115A/U 

7/0.028 

Silvered 

copper 

0.255 

I'm) 

silvered 

copper 

0.415 

— 

SCO 

87A/U 

' 

7/0.0312 
Silvered 
.  copper 

0.285 

Two 

silvered. 

copper 

0.450 ' 

17.0 

6,000 

119/0 

0.102 

Copper 

0.S32 

Two 

coppsr 

0.465 

6,000 

94A/U 

19/0.0254 

Silvered 

copper 

0.370J 

Tw 

copper 

0.4T0 

— 

7,000 

1  i  J 

0.190 

Copper 

0.020 

Copper 

0.7S3 

43.0 

7,000 

75-ohm  Teflon  dielectric  cables 

187 

7/0.004 

Silvered 

Capperweld 

0.060 

Silvered 

ceppar 

0.118 

750 

140 

0.025 

Silvered 

Copporwld 

0.140 

Silvered 

coffer 

0.233 

4.6 

2,300 

144 

7/0.0179 

Slivered 

Copperweld 

0.285 

Silvered 

copper 

0.410 

12.0 

5,000 

*  Copperweld  1»  a  trade  name  (or  copper  covered  steci  describes!  In  paragraph 
3.2. 1.2  of  M1I.-C-17. 

(Taped  Teflon  dleleptrlc  (Type  F-H. 


Fig.  £-16.  AUanuation  characteristics,  SO-oSisa  polyelhyleca  cobles. 


250  C,  Its  euotEdned  use  vbovo  205  C  (400  F) 
lo  not  recommended.  Above  thio  temperature, 
alight  traces  of  gaeeouo  Teflon  have  been  de~ 
tec  ted,  aiKl  oxidation  ol  copper  become/*  quite 
rapid.  A  maximum  conductor  temperature  cl 
205  C  Is  psrmlsolblo  for  fillver-platcd  copper 
but  this  should  be  reduced  to  150  C  for  bars 
copper,  particularly  if  the  cable  will  bo  sub¬ 
jected  to  any  sustained  mechanical  loading. 
Teflon  has  been  uecd  up  tr>  2^0  c,  but  the  re¬ 
lationship  between  temperature  and  life 
should  b«  clearly  understood  by  the  design 
engineer  when  such  high  temperatures  are 
considered.  The  power  ratings  plotted  In 
Fig.  8-12  are  based  on  a  250  C  maximum 
conductor  temperature  for  all  cables  except 
fur  the  miniature  size  which  to  rated  a! 
205  C.  (17,29)  The  250  C  ratlnga  should  be 
reduced  by  a  factor  of  0.74  for  a  maximum 
temperature  of  205  C  and  by  0.47  for  n  maxi¬ 
mum  temperature  of  150  C  to  an  sure  psu- 
longed  cable  life. 

Teflon  cables  have  slightly  lower  high- 
frequency  attenuation  because  of  the  lower 
dissipation  factor  aixl  permittivity  of  the  di¬ 
electric.  Miniature  Teflon  cables  can  be  in- 
fit  a  lied  in  cramped  quarters  with  much  less 
hazard  of  damage  from  soldering.  L-.  the  large 
sires,  they  are  much  stiller  to  handle  and 
cannot  be  procured  In  an  long  contlnucue 
lengths  as  polyethylene  cables.  Their  cost  Id 
considerably  more  than  their  polyethylene 
counterparts.  They  elwuld  be  used  only  when 
their  superior  temperature  is  mandatory  or 


their  Improved  performance  proves  econom¬ 
ical. 

Capacitance 


The  capacitance  of  the  solid  dielectric,  a  - 
bl.es  mrles  Inversely  wita  their  (mpedanc- 
er.d  averages  21  and  29  1/2  romf  per  foot  .(o’- 
75-  and  50-ohm  cabled,  respectively.  A  lower 
capacitance  is  often  desirable,  particularly  in 
hlgh-lmpedance  circuits  p/here  the  cable 
shunto  the  Input  to  the  device.  To  achieve 
lower  capacitances  (Impedances  from  95  to 
185  ohms),  a  very  thin  center  conductor  or  an 
alrapaced  dielectric  or  a  combination  of  tho 
two  Is  required.  Such  cables  generally  em¬ 
ploy  an  open  spiral  wrap  or  braid  of  dielec¬ 
tric  to  support  the  center  conductor,  followed 
try  a  concentric  tube  of  dielectric  to  support 
the  braid  and  jacket.  Data  on  several  popular 
constructions  are  shown  hi  Table  8-13, 

Attenuation 


In  the  microwave  region,  the  VSWR,  looking 
into  a  flexible  cable,  may  vary  between  1.1 
and  1.3  and  occasionally  reach  sharp  peaks  of 
1.6  and  1.8.  The  magnitude  and  frequency  of 
occurrence  of  these  sharp  resonances  In¬ 
crease  with  cable  length  and  frequency,  that 
la,  with  the  greater  number  of  electrical 
wavelengths.  Tin  ..<?  resonances  are  due  to 
additive  reflections  from  changes  In  charac¬ 
teristic  impedance  caused  by  fluctuations  In 
the  diameter  over  the  dielectric,  elliptic ity  of 
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the  core,  or  centering  erf  the  conductor.  (30) 
Such  email  continuous  variations  are  inherent 
in  the  nature  of  the  medsaaieal  extrusion  proc¬ 
ess'  pnd  are  more  prevalent  in  Tellon  than 
in  polyethylene.  For  critical  applications, 
individual  cables  shocks  be  measured  by 
frequency'  aiming  techniques  over  the  spe¬ 
cified  band  <A  interest 

la  addition  to  reflective  losses,  a  sharp  in¬ 
crease  in  attenuation  may  occur  above  3  kMc 
due  to  the  braid  coutfruction  of  certain 
cables.  (31)  At  these  frequencies,  the  inti¬ 
macy  of  contact  bete/een  the  individual  braid 
whes  has  a  marke  '  effect  on  tho  apparent 
resistance  ol  the  cable.  A  loose  or  open  braid 
or  any  form  of  surface  contamination  can 
cause  erratic  attoiiuafckm  when  the  cable  is 


flexed.  Th8  braid  structure  of  the  KG-5B/D 
and  9B/U  cables  were  specifically  redesigned 
to  make  them  stable  for  microwave  use. 

COHHEC1C23 


The  coaxial  connectors  used  with  cables 
are  usually  the  limiting  factor  with  respect  to 
VSWR  and  operating  voltage.  Connectors  are 
available  in  various  series  and  sizes  within  £ 
series  to  cover  the  complete  range  of  cable*, 
(The  A  series  comprises  all  connectors  whose 
mating  portions  are  compatible.)  Connectors 
for  the  medium  size  cables  such  as  the  C,N, 
and  QD8  cedes  are  designed  primarily  for 
good  impedance  match  In  a  50-ohm  system. 
With  proper  assembly  techniques,  a  meted 
pair  of  connectors  will  exhibit  VSWR  of 
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*  All  conductors  are  of  copper-clad  steel,  except  RO-62C  which  Is  copper- 
corered  steel. 

f  A-2  airspaced  polyethylene.  t'-S  ilrspaccd  TeflotL 
J  RG-62C  hat  been  renumbered  as  RG-21& 


i 


terpuoaf  in  'She  mated  condition,  except  for 
some  of  the  series  for  small  and  miniature 
cables  which  are  used  within  the  interior  of 
equipments.  Connectors  within  anv  series  will 
also  accommodate  equivalent  7S-  and  95-ohas 
cables,  The  resultant  impedance  mismatch  ia 
of  no  practical  significance  as,  in  these  appli¬ 
cations,  the  total  electrical  length  of  the  con¬ 
nector  is  well  below  i/20  wavelength, 

BALANCED  CABLES 

Balanced  cables  consist  of  two  conductors 
®yjxun<3tvte?.''Iy  spaced  and  insulated  from 
nome  reference  ground  plane  or  conductor.  In 
most  applications,  voltages  of  equal  magni 
f.uds  but  opposite  polarity  are  applied  to  the 
eo.uductors.  While  it  is  a  three-wire  -cult, 
because  of  itc  symmetry  it  may  be  analyzed 
similarly  to  the  coaxial  structure. 

Open -Wire  Line 

Hive  open-wire  lino  is  the  earliest  and  stro¬ 
de  ed  form  of  balanced  transmission  line.  It 

■  slats  of  two  hard-drawn  copper  or  copper- 
clad  conductors  separated  by,  or  suspended 
v...  rigid  insulators.  For  a  given  conductor 
Bias  too  center-to-center  spacing  determine® 
the  line  imped, ince  Eq.  (3).  They  are  moat  ef¬ 
fective  it  high  Impedances  (300  to  600  ohms) 
and  J or  low  frequenciec,  particularly  with 
rhombic  and  doublet  antennas.  The  attenua¬ 
tion  and  power  tend  ling  capacity  arc  qulto 
good1 "but  are  highly  dependent  on  atmospheric 
conditions  and  snow  or  ice  loading  on  ttw 
conductors.  While  Installation  is  simple,  it  is 
permanent  in  nature  and  requires  conoidera- 
bk>  clenranco  space  around  the  conductors. 
Open  lines  are  quite  susceptible  to  interfer¬ 
ence  from  external  signals  and  will  begin  to 
radiate  energy'  to  an  appreciable  degree  when 
the  conductor  epocv*g  approaches  1/20  wave¬ 
length.  Some  attempts  have  jucen  made  to 
overcome  these  limitations  by  supporting  too 
two  conductor,:  in  a  rigid  'ube.  However,  it  is 
necessary  to  reduce  the  spacing  between  con¬ 
ductors  for  a  practical  tube  size  and  the  ad¬ 
vantages  of  high  impedance  are  lost  Fabrica¬ 
tion  -'lfficultles,  particularly  with  connectors, 
elbow,  and  similar  accoveoriea,  slso  militate 
against  their  use. 

Twin  Lead 

Flexible  unshielded  twin-conductor  csbleo 
are  currently  being  fabricated  with  a  continu¬ 
ous  dielectric  of  ail  Id  or  oeminolid  poly- 
etliylene  in  a  variety  of  croas-BCCUonnl  con-, 
figurations.  Low  in  cost,  they  are  very  popu¬ 


lar  for  television  and  FM  receivers,  radio 
amateur  use,  and  one  type,  die  RG-88/U,  still 
findo  military  use.  The  dielectric  increases 
the  attenuation  by  reducing  the  impedance 
range  but  makes  tire  cable  much  less  sensi¬ 
tive  to  the  weather  conditions.  Pigmented 
polyethylene  ie  used  to  reels*  cracking  caused 
by  continued  exposure  to  the  ultraviolet  rays  - 
of  the  sun.  Care  is  required  in  handling  thee* 
flat  cables  to  prevent  kinking,  twisting,  or  un¬ 
even  tension  on  the  conductor*!. 

Shielded  Twin  Laaa  and  Dual  Coaxial  Cables 

Greater  electrical  stability  and  mechanical 
ruggedneso  are  obtained  with  shielded  twin- 
conductor  and  dual  coaxial  cables.  Two  addi¬ 
tional  parametera,  capacitance  imbalance  and 
trannmlesion  unbalance,  are  of  interest  ns  a 
meamire  of  electrical  dissymmetry.  Direct 
com  put.  on  or  moasuroment  of  the  capaci¬ 
tance  bcoveon  conductors  {C1S)  is  difficult 
due  to  variation  in  ground  potentials,  p  dm- 
ity  effects,  and  uneven  twisting,  (32)  Instead, 
it  is  usually  obtained  by  computation  from 
the  individual  conductor  capacitances  as  shown  - 
in.  Fig.  8-13. 

cu  (27) 

The  capacitance  unbalance  (CU)  in  percent  is  _ 
then  defined  as 

*  CT  ,i«t!EpSl  „„ 

L>j 

CU  is  a  measure  of  any  relative  variation  in 
conductor  diameters,  spacing  between  con¬ 
ductors  and  shield,  and  permittivity  of  the  di¬ 
electric.  In  a  well-  made  cable,  CU  can  ba 
kept  below  2  percent.  CU  is  independent  of 
frequency  over  the  range  where  capacitance 
can  bo  measured  directly. 

Transmission  unbalance  (TU)  is  a  much 
mors  oensltlvo  parameter  and  in  defined  as; 

'T'TT  _  lYi  -  V  *1  Mm 


where  7  j  ami  Vs  are  the  vector  voltages 
measured  across  a  matched  load  when  th® 
line  Is  excited  by  a  balanced  voltage.  (A  con¬ 
venient  means  of  measuring  these  voltages 
io  described  in  Paragraph  4.S.18  of  HII  -C-  ' 
17B.)  The  angular  ohift  (t?)  between  V,  and  V, 
depends  on  the  pteso  constant  and  the  total 
length  of  iho  lino  (t). 


coc”  (/L/C,  - 


■x^im»^kmemmm£»st> 


Ct-Cvpoatance  between 
conductor  I  and  conductors 
2  and  3  connected  together 

Cj^Copocifoncs  between 
conductor  2  end  conductor* 
I  and  3  coorvscied  together, 

Cj^Copocitonee  bstween 
conductor  3  orxj  conductors 
'  J  ond  2  cortnectod  together. 

C.,*  2(C,+C,}-C, 


(AS  CAPACITANCE  BETWEEN  CONDUCTORS 


(V,+V2) 


vyidsoi) 


18)  VECTOR  VOLTAGES  AT  RECEIVING 
END  OF  LINE 

SiS-  8-13.  iteiationehlpa  In  a  balanced  line. 


Thun.  TO  do  pend  a  on  both  length  and  fre¬ 
quency  an  well  aa  constructional  differences. 
Generally,  the  variation  between  inductanceo 
la  insignificant  In  comparison  with  differ- 
esses*  In  capacitance.  While  cables  with  lot? 
capacitance  unbalance  will  not  assure  a  low 
TU,  such  unbalance  may  servo  as  a  quick 
screening  test.  Empirical  correlation  has 
been  obtained  between  those  two  parameters 
tor  RG-22  A/U.  (33)  Slight  diffonrecee  in  at¬ 
tenuation  will  also  be  reflected  .in  tho  values 
a f  V]  and  l  but  these  are  generally  of 
second  order  magnitude. 


frequencies  below  several  hundred  Me.  They 
are  alec  used  extensively  ha  fixed  and  porta¬ 
ble  directtojj-lindJiig  antenna  systems  in  whida 
balance  is  a i  paramo,  .it  i.mitorianee.  la  mth 
applications,  their  aUesostloo  ebarscteslntlce 
y.iii  secondary  arid  power  rating  le  of  no  cob- 
carn.'A  ssasimorc  impedance  of  83  ohms  ha* 
been  established  for  twin  cables  and/ 135  ohms 
for  dual  cables.  The  dual  coaxial  5s  iaherently 
better  balanced  in  the  parallel  coiu/tructioa, 
but  approaches  that  oi  the  twin  ca foies  when 
tho  conductors  are  twisted.  Dlifenmcep  la 
'  conductors,  particularly  their  lengths,  av-stb® 
kept  to  an  absolute  minim  ur  to  achieve  the 
required  degree  of  transmission  balance.  For 
example,  a  phase  difference  ci  3.87  degrees 
will  cause  m  5  percent  TU  which  is  equivalent 
to  a  length  tftffsrence  of  only  0.625  Inch  per 
hundred  feet  at  106  Me,  or  OJM  Inch  at  800 
Me.  A  summary  oi  the  characteristics  of  the 
.more  popular  cables  appears  in,  Table  8-14. 

Small  trimmer  capacitors  cm  fee  used  at 
the  cable  output  to  Imp  rove  transmission 
balance.  Even  greater  isroprovoinent,  as 
shown  in  Pig.  8-15,  can  Irs  achieved  by 
periodically  transposing  coinfeictorg  (that  la, 
connecting  conductor  .1  of  t/JiS  first  length  to 
conductor  2  of  the  second  length  to  conductor 
1.  of  ths  thipd  length,  and  m  forth).  This  pro¬ 
cedure  would  require  factory  splicing  of  ca¬ 
blets  for  each  (specific  lamkehiiUon  or  the  um 
of  special  polarised  flit  tags  at  each  trans- 
pOicHion.. 


csss-i™ 


g?s^-p*-T*w?5B 


Const  ruction.  Shielded  twin  conductor  and 
dual  coaxial  cables  consist  or  individually 
insulated  conductors  twisted  together,  jibed 
to  the  proper  diameter,  and  followed  by  an 
overall  shield  and  jacket  sa  shown  is, 
Fig.  8-14.  The  dual  Coaxial  cable  bus  individ¬ 
ual  shields  over  each  conductor.  Tho  parallel 
construction  typJled  fry  the  RG-23/U  is  being 
replaced  by  cables  of  circular  croso  section 
such  as  the  RG-181(  )/V  which  have  greater 
flexibility-  and  are  easier  to  handle,  'these 
cables  arc  mechanically  equivalent  to  coaxial 
rabies  of  the  same  overall  diameter,  and,  uso 
connectors  very  similar  So  the  conventional 
coaxial  connectora,  except  for  an  additions! 
conductor. 


twin  co«wxnow 


RG-K'll  VU 


5  V  }> 


)  * 


coal  co.'ixiae 


Application e.  Twin  aiui  dual  cables  Ere 
uaed  primarily  for  receiver  application*  at 


Fig,  3-H.  Typtol  flx.mplc*  gJ  taiifflac sat 
cables. 
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PULSE  CABLES 

Pul 84  i tablets  isrxsmit  high-voltage  direct- 
current  pulses  for  m-odulatln.g  a  microwave 
magnetron  or  k.tystrc.5!  oscillator.  Those  pulse 
voltages  range  farces  Q  to  25  kw  nod  their  peak 
powers  aj'O  Hi  foe  «rdar  of  megawatts,  This 
Imposes  much  imor®  .yMngent  requirement* 
with  respect  to  romaa  level,  shielding  effi¬ 
ciency,  and  low -frequency  attenuation  thaw 
are  required  of  r-jaweilonal  co-  axial  cables. 

Application 

In  line -type  rcce&sfelors,  the  energy  adored 
In  ths  putee  JurcxJ*®  network  Is  periodically 
discharged  In  the  lor®  of  a  single)  rectangular 
pulse  Ivy  a  hydrcyfcn  thyratron  tube  through 
the  cable  to  the  load  {that  le,  the  oscillator). 
For  maximum  energy  transfer,  the  Impedances 
Of  the  pulse  cftlifo  and  the  pulse  forming  net¬ 
work  should  be  U*  ajurie,  and  oqual  to  half 
the  ratio  of  the  peak  forward  nnodo  voltage 
and  the  o: rrer.it  of  the  switching  tube.  The 
trend  In  recent  tubes  has  been  toward  higher 
anode  voltages  md  higher  currents  but  io  a 
lower  ratio  or  "effective"  Impedance.  In 
actual  systems,  these  impedance*  will  vary 
over  a  wide  ran gr,  but  to  keep  the  number  of 
cables  to  a  mtniiown,  the  following  ratings 
have  been  Delected  as  the  preferred  values. 


Cable  Peak  voltngo 

Impedance  (ohms)  rating  (kv) 

56  10  IS  20 

35  15  20 

12-1/13  15  20  30 

A  slight  impedance  mismatch  Is  not  detri¬ 
mental,  and  may  oven  aid  1ft  deionization  of 
tho  thyratron.  Ho«rer,  esceoolv®  mismatch 
can  result  In  pul  go  "echoes"  with  sufficient 
energy  to  prc-matusrcxly  trigger  the  oeclliaior. 

Construction 

Pul  so  cables  have  natural,  butyl  or  slii- 
cono  rubber,  or  polyethylene  as  the  primary 
dielectric;  Y?ith  a  vinyl,  chloroprene,  or  butyl 
rubber  jacket  Tne  rubber  dielectric  adheres 
closely  to  the  conductors  under  extremes  of 
temper  if  ure  and  mechanical  flexing  and  hence 
pultse  csiblca  do  not  tend  to  develop  voids  as 
readily  as  thermoplastic  cablaa.  The  higher 
permittivity  and  dissipation  factor  of  rubber 
material.'!  are  not  net lours  drawbacks  In  view 
of  the  low  equivalent  frequencies  si  which 
they  are  used.  Corona-free  operation  at  these 
voltages  requires  some  form  of  conductive 
layor  adjacent  to  the  Inner  or  outer  conductor, 
or  both,  to  equalize  localized  voltagostreasee. 
Conductive  compounds  of  theoe  mate  rials  with 
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Imbalance, 


resistivitieo  of  100  to  .1000  ohm -cm  are  ex¬ 
truded  or  wrapped  In  a  thin  layer  to  conform 
to  41*  conductor  contours  and  to  bond  Icil- 
nmSaJy  to  ths  dielectric. 

Characteristics 


Scss*  •'blco  have  successfully  used  poly¬ 
ethylene  for  moderato  powers.  (34}  However, 
higher  operating  temperatures  and  greater 
flexibility  make  rubber  dielectrics  mandatory 
In  S«*e  highest  power  cables.  There  is  no 
enrol  correlation  between  corona  values  ct>- 
talsidi  with  00-cy  a-c  and  unidirectional 
d-c  pulses,  although  tiro  former  hao  b"cn 
aho-rea  to  be  more  conservative,  particularly 
for  polyethylene.  (12)  It  is  recommended  that 
the  peak  pules  voltage  be  limited  to  the  sms 
vale®  of  tire  (iO~cyclo  corona  extinction  volt¬ 
age  vottl  greater  operating  experience  la  ob- 
taim-d.  This  provides  an  adequate  safety  factor 
to  allow  for  corona  degrmlntion  due  to  flexing, 
thermal  cycling,  and  aging.  The  peak  pulse 
power  Is  established  from  the  amplitude  of 
the  spalsc  .oltage  In  accordance  with  Eq.  (2.1). 

t'ta  attenuation  and  tho  average  power 
handling  capacity  under  pulse  conditions  de¬ 
pends  directly  on  the  duty  cycle  which  varies 
beb&ees  0.0005  and  0.002  In  most  radar 
equljBoentfl  and  la  established  by  the  system 
requirements  and  limitations  on  the  thyratrou 
and  microwave  tubes.  Tho  energy  content  of 
these*  pulaeB  will  bo  distributed  at  specific 


frequencies  whose  value  ami  amplitude  can  be 
determined  by  a  Fourier  analysis.  From  s 
frequency  distribution  for  an  ideal  puls®, 
shown  in  Fig.  3-18,  it  can  be  seen  that  there 
is  a  largo  d-c  component  and  a  major  portion 
of  the  energy  is  contained  in  the  frequencies 
below  the  first  zero.  Tho  "weighted  average" 
or  rms  value  of  tho  attenuation  for  the  pulse 
is  represented  by  the  summation  of  the  product 
of  the  individual  attenuation  contributions  and 
tli©  square  of  the  voltage  amplitude  at  each 
of  tho  discrete  frequencies  In  the  Fourier 
representation.  Fortunately,  there  is  very 
littio  lo.es  of  accuracy  by  taking  only  abovd 
ten  value®  equally  spaced  between  each  zero 
and  omitting  everything  beyond  the  fourth  or 
fifth  zero.  Attenuation  data  Is  algo  required 
on  these  cables  with  sinusoidal  frequencies 
for  euch  rating  pui'posesandform.anufachirtcg 
control. 

The  average  power  applied  to  tho  pulce 
cabin  la  the  peak  power  multiplied  by  the 
duty  cycle.  To  cietermina  whether  thio  is 
within  tho  safe  thermal  limits  of  the  cable, 
the  "weighted  average”  attenuation  must  bo 
used  in  Eq.  (22)  to  compute  the  resultant 
temperature  rise.  Only  limited  data  are  avail¬ 
able  on  pulse  c^i'lc  votings  u r  f ° -  varying 
conditions  of  pulse  width  cod  duty  cycle  or 
repetition  rate.  It  is  of  particular  Interest  for 
spechil  hlgh-duty  cycle  applications  where 
thermal  heating  rather  tins  voltage  maybeth-* 
limiting  factor. 
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Shielding 


triaxiaL,  ZA  xms  is  os  thsa  6  a3.teroh.inss/ 
meter,  which  was  Sse  sensitivity  limit  of  the 
test  equipment  51:2  best  manner  in  which 
the  outer  shhsM  ehoald  be  terminated  dspsnd* 
on  tiie  length  of  tap  cable  and  the  physical  and 
electrical  characteristics  of  ths  equipment. 
(35)  Thie  trfasiai  principle  has  been  applied 
to  conventiaaal  cables  such  as  the  HG-59A 
and  11A/U  by  applying  another  copper  braid 
over  the  jacket  followed  by  n  second  vinyl 
jacket  Such  improved  shielding  is  equally 
effective  in  preventing  external  noise  from 
interfering  with  very  low-level  signals  la 
the  cable. 

Pulse  Cable  Typer 

Data  on  poise  saMea  have  been  grouped  into 
three  categories  sad  summarised  in  Table 
8-15.  Group  I  In  the  conventional  coasM  types 
consisting  at if  aa  ozone- meietaut  insulating 
compound  hetweea  layers  of  conducting  com¬ 
pound  15  to  20  mils  thick  (Type  D  dielectric). 
In  Type  E  dielectric,  the  outer  conducting 
compound  in  replaced  by  a  red  Insulating  ma¬ 
terial  due  to  difficulties  encountered  in  clean 
removal  of  tfee  eo-  meting  coin  pour  1  in  the 
field  aasmssbiy  of  eoaneclora.  Group  H  con- 
tainn  cables  of  iriaxial  construction  with 
polyethylene  a*  the  dielectric  and  interlayer 
material  with  a  vinyl  jacket.  A  conducting 
carbon-loaded  polyethylene  was  required  at 
the  interfaces  of  she  conductors  escept  at  ttu» 
center  conductor  cf  tiw  RG- 158. 


Reduction  of  spurious  electromagnetic  ra¬ 
diation  or  '"noise"  in  of  prime  concern  in 
view  of  the  very  high  peak  powers  involved. 
Store  recent  pulse  cables  resort  to  8  triaxial 
construction  In  which  Site  0”t«>r  chieid  io  insu¬ 
lated  from  tires  outer  or  return  conductor  by 
an  imer'  yer  of  polyethylene,  Mylar,  or  eill- 
cony  impregnated  wren  glass  tapes.  The 
thickness  or  types  of  interlayer  materials 
have  only  a  slight  effect  on  shielding,  but  the 
capacitance  of  ths  Interlayer  In  comparison  to 
that  of  ths  cable  determines  the  voltage  which 
the  Interlayer  will  hare  to  withstand.  The 
outer  conductor  consists  of  an  inner  upper 
braid  for  low  attenuation  followed  by  ;.  gal¬ 
vanized  stool  braid  which  is  effective  In 
reducing  low-frcquency  penetration  leakage. 
A  single  copper  braid  la  adequate  for  the  outer 
shield.  Figure  8- 17  shown  tea  marktrf  Improve¬ 
ment  in  surface  transfer  Impedance  (Z.i)  at¬ 
tained  by  this  construction  la  contrast  to 
allowing  all  the  braids  to  be  in  electrical  con¬ 
tact.  The  curve  shown  for  RG-100/U  is  with 
the  three  bralda  connected  together  at  both 
ends  oi  the  cable.  When  connected  as  s  true 
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Groups  HI  comprises  triaxial  cables  jo r  peak 
powers  between  8  and  50  megawatts  and  high- 
duty  cycle  operation.  Higher  average  powers 
are  achieved  in  a  reasonable  cize  with  a 
dielectric  of  butyl  or  silicons  rubber e  whiefe 
can  withstand  center  conductor  temperature* 
of  125  and  150  C,  respectively.  (38)  Braided 
inner  conductors  are  used  to  retain  flexibility 
in  view  of  their  large  diameter,  dictated  by 
'’'e  cossbinatic  '  of  low  impedance  and  biggs 
oltages.  (See  Fig.  8-18.)  RG-194  is  identical 
to  RG-193  except  that  the  shielding  braid  ami 
the  rubber  jacket  have  been  replaced  by  an 
interlocking  aluminum  armor  for  improved 
heat  dissipation  in  interior  locations. 

The  average  power  handling  capacity  cS 
Group  I  and  Group  H  cables  is  comparable  for 
pulse  widths  of  approximately  one  micro¬ 
second.  Group  H  cables  have  much  lower 
attenuation  at  the  high  frequencies,  as  shown 
in  Fig.  8-19,  which  permits  much  higher 
average  power  for  extremely  short  pulses 
and  results  in  excellent  fidelity  of  the  pules 
ghape.  Trie  RG-8A/U  cable  was  included  to 
show  the  effect  of  the  conducting  compound 
on  attenuation  above  10  Jdc.  Pulse  rating 
curves  for  Group  II  and  111  cables  are  shown 
In  Figs.  8-20  and  8-21  when  operated  at  their 
rated  voltage  with  an  ideal  rectangular  pulse. 
Actual  pulses  more  nearly  approach  a  trap¬ 
ezoidal  shape  for  which  the  pocsr  rating; 
Increases  significantly.  If  these  cables  are 
operated  at  any  combination  of  duty  cycle 
and  pules  width  below  the  curve  the  average 
power  rating  of  the  cable  will  not  be  exceeded. 
For  reduced  voltage  operation  at  any  givoa 
pulse  width,  the  duty  cycle  can  be  Increased 


proportionally  to  the  square  of  the  rati©  of  the 
rated  voltage  to  tha  reduced  voltaga.  The 
maximum  d-c  current-carrying  capacity,  a* 
shown  in  Fig.  8-22,  is  also  of  interest  to  tha 
modulator  designer  for  very  high-duty  cycle 
ope  ratios. 

Connectors 

Pulse  connectors  for  Group  I  cables  fcava 
been  made  la  either  a  ceramic  or  rubber-  * 
insert  type  in  accordance  with  hiJX,-C-3807. 
The  ceramic  types  are  not  corona-free  at 
the  full  cable  voltage,  and  will  occasionally 
flash  over  without  any  permanent  harm  to  tho 
ceramic  insert  Howeyer,  they  tend  to  leak 
electrical  noise  due  to  the  poor  contact  be¬ 
tween  the  mating  connector  shells.  The  rubber 
insert  connector*  are  designed  to  replace 
earlier  molded  versions  for  the  small  sire 
cables  (RG-25A,  3GA,  04A,  88A/U)  wish  as 
insulating  layer  under  the  braid.  They  hava 
a  peak  voltage  rating  of  5  kv  at  an  altitude  of 
50,000  feet  They  may  be  used  with  cables 
utilizing  a  conducting  toy  nr  under  the  braid 
(RG-25,  20,  G4/U)  provided  extreme  care  Is 
used  In  assembly  to  remove  all  tracss  of  the 
conducting  material.  Improved  grounding  be¬ 
tween  the  cable  shield  and  mating  portion  a  c.f 
the  connector  shell  have  greatly  reduced  nolea 
leakage.  All  connccie'8  are  waterproof  and 
capable  of  field  assembly.  There  io  no 
for  impedance  match  in  pulse  connector*. 

Connectors  for  Group  Ti  cables  and  for 
RG-180/U  ara  similar  In  general  appepranee 
to  the  rubi'er-tnaert  type,  but  arc  corona  free 
at  the  rated  cable  voltages.  They  are  trl- 
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suasl  In  construction  set!  cfier  ea  opticas!  co¬ 
axial  short  between  the  o«tor  shield  sal  outer 
conductor  ao  Shown  la  Kg.  0-2.1.  Cosaecfore 
for  KG- 191  and  RG-192  iwa  presently  being 
developed.  They  are  oi  tbs  poibead  typo,  In 
•*hlch  the  prepared  cablewrJ  will  be  assembled 
into  a  receptacle,  2  sppsju-o  necessary  to 
factory  mold  a  *.«tyj  robber  steers  over  s 
portion  of  the  c*b?s  core  to  assure  proper 
assembly  and  coroisa-fre®  operation, 

SPECIAL  .PURPOSE  CAM.JSS 

At  times,  u  is  dt'slrj&ta  to  accentuate  cer¬ 
tain  cable  parameters  fo  achieve  special 
performance  charactsrlGltej.  Three  such  con¬ 
structional  variation®  which  find  oc-athuwd 
u@o  are  described  below. 

fitch- Attenuation  Cables 

*  These  cables  hare  be**  deelgerd  to  in- 
cor;x)rate  the  maximum  aitefiuatloa  1b  a  else 
consistent  'Kith  their  power  hssixlllag  require¬ 
ments.  They  are  used  to  talsrconnr  l  and  to 
achieve  lsol.itl:”i»  of  S  fe  SO  db  between  por¬ 
tions  of  a  system  to  reuses  any  ondeatred 
interaction.  They  also  ses-ye  a«  eom-c-iite.nl 
hraadbaud  dummy  loads  capable  of  dissipating 


pest  o-  av«rsg®  povyrs  which  are  generally 
beyond  iise  range  of  moei  fixed  attenuator*. 

Tso  such  Etendard  50-ohra  cables  are  iha 
KG-21A/IJ  with  b  po!yothylet:«  dielectric  and 
the  RQ-12S/U  with  a  Teflon  dielectric.  Tlicy 
achieve  their  hlgh-attersualloQ  characteristics 
with  high-reaitfance  materials  for  the  inner 
conductor  and  also  for  the  outer  conductor 
of  fho  lvG-126/lt.  Increasing  the  !o<sii  in  the 
dielectric  in  mi  so  doeirsbVc  because  the 
attenuation  becomes  snore  dependent  on  fre¬ 
quency  and  the  charsctcrto’ic  Impedance  Is  not 
a®  constant.  (37)  The  patient  features  of  the»a 
two  cables  are  shown  In  Tab'?  8-10. 

Delay  Cables 

Delay  cables  originated  so  high- Impedance 
cables,  ouch  as  the  KG- Of,  for  better  matching 
of  hlgh-taipcdsGco  circuit*.  Their  high  im¬ 
pedance  is  achieved  by  greatly  Inc  reading  the 
series  Icrfaciitnce  of  the  center  conductor  which 
results  In  phase  and  attenuation  character¬ 
istics  a;nroachlntr  a  low-paas  filter.  TTiese 
parameters  a  re  comparatively  constant  with 
frequency  until  cutoff  ia  reacned, beyond «hlc.h 
the  nttcnuailoci  rifles  and  the  delay  falls  off 
rapidly.  The  cutoff  fretjaeccy  (f„)  in  defined  a* 
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the  point  where  tho  voltage  attenuation  Is  3  db 
above  the  low-frequency  vttlu-a,  or  the  phase 
shift  departs  from  linearity  by  some  specified 
percentage.  The  figure  of  merit  or  efficiency 
of  the  cablo  is  usually  ©xproimod  S3  the  ratio 
of  those  paxamotere  (that  Is*  decibels  par 
microsecond).  Delays  of  les*  than  a  hundredth 
to  10  microseconds  can  be  achieved  with  cut¬ 
off  frequencies  from  5  Me  to  approximately 
100  Me.  These  cables  are  used  for  pul. 
forming  networks,  phase  equalisation  nix?  tim¬ 
ing  circuits  In  computers,  data  transmission, 
color  television,  and  similar  applications.  They 
are  »’k>  very  versatile  In  the  laboratory  as 
their  parameters  can  be  adjusted  "by  the 
Inch.  ’’ 

The  center  conductor  of  these  cables  con¬ 
flicts  of  a  lino  enameled  wire  cba-ly  spiraled 
around  s  polyethylene  core,  i!  is  followed  by 
a  thin  taped  wrap  or  extruded  dielectric  whose 
thickness  determine!)  the  capacitance;  s 
braided  or  eervod  enameled  wire  outre  con¬ 
ductor;  end  a  protective  vinyl  jacket.  -D)  im¬ 
prove  the  time  delay  per  unit  length,  tire 
permeability  of  she  core  la  lire  re  seed  by  the 
Incorporation  of  finely  divided  ragncilc  ma¬ 
terials.  (315)  In  thec-e  types.  the  magnetic 
loss,  3  stem- rally  limit  tier  upper  frequency 
to  abo.it  5  kf.  which  1  s  adequate  tor  inapt 
pulse  applications;.  (Tire  rice  ttimi  for  a 
rectangular  pulse  Is  0.36/f,..)  'with  no  magnetic 
ntalerl.ilu  present,  the  cutoff  f requency  la 
ihuited  by  the  capacitance  between  adjacent 
tuns,  it  can  be  extended  to  me  what  i:y  com¬ 
pensating  capacitance  la  the  form  of  "patches” 


of  conducting  foil  placed  under  ills  center 
conductor  spiral.  (Sea  Fig,  8-3,1).  At  th® 
present  time,  compoaasied  cables  are  cvail- 
nble  on  a  limited  commercial  basis  only  be¬ 
cause  of  their  specialised  use  usd  the  diffi¬ 
culty  of  manufacture. 

Rep  re  seniativb  data  on  dels?  csblca  or® 
Included  In  Table  8-17.  For  c rilled  applica¬ 
tions,  the  characteristic  curves  of  three  cables 
should  be  examined  carefully  in  tisa  frequency 
range  or  pule®  width  of  Interest,  Some  addi¬ 
tional  lmproi  ement  in hlgft-frequascy  rcspor„rf 
can  be  achieved  by  th®  esloctka  of  proper 
tonuuvating  Impedance.  For  low  frequencies 
and  short  delays.,  lumped  parameter  oe»wortui 
are  more  economical  than  cable.  Tbr  dt-laya 
In  ths  oi-der  of  millis-ecc-ada,  ultra  tsjalc  typ-aa 
of  Uni's  must  be  utucl 

Lov-Nolsn  Csblss 


When  mori  cables  with  a  floxtfcJo  low-los-s 
dielectric  are  subjected  £o  a  sharp  impact, 
twisting,  or  bonding,  a  spurt  cat?  signal  re- 
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Table  8-18—  ffljb-Altenoafcltsa  Cables 


Type 

RG-21A/U 

RG-128/U  ] 

Sandr  conductor  (resSstlvffi) 

Vi053 

7/0.0203  I 

Core  diameter  (in.) 

0.185 

- - 

Braid  construction 


Two,  silver- 
plated  coupe- 


' 

Overall  diameter  (is.) 

0.332 

0.280 

Minimum  attenuation  at  P  *,  hHc 

33 

46 

(db/100  ft)  1.® 

51 

70 

s.e 

--  -  -  -  -  - 

118 

Estimat'd  average  power  at  0.4  *AJe 

38 

210 

(watts)  3.0  |  28 

91 

One  Karma 
wire 


i^ense. of  several  millivolts  can  bs  detected. 
Hi is  “noiup"  is  caused  by  the  “triboelectric” 
effect  that  la,  the  creation  of  free  electric 
charges  at  the  metal  and  dielectric  interfaces 
s?  the  cable  due  to  the  local  fracture  of 
molecular  bonds.  (39)  This  noise  voltags  can 
fes  reduced  to  virtually  zero  by  interposing  a 
eoaducilve  boundary  under  the  shield,  prefer* 
ably  of  some  elastic  material,  to  dissipate  the 
charges.  It  also  can  be  reduced  by  terminating 
<Sm>  cable  in  as  low  a  resistive  oi  shunt 
espaciUve  load  as  possible.  Requirements  for 
t&esa  cables  have  not  been  incorporated  into 
13L-C-17  as  vet,  but  Bureau  of  Ships  Mem¬ 
orandum  Serial  817A3-M-161SA  establishes 
a  standard  measuring  method, 

Low-no  I  so  cables  are  very  similar  in  ctra- 
vim:  lion  to  the  thermoplastic  or  rubber  puioe 
cables  previously  described.  (40)  In  fact, 
RQ-35/U  cable  ia  •.rcecdlngly  noise  free  up 
to  m  Input  impedance  of  0.1  megohma,  Tables 


Tg.  Compensated  d«i*y  lines. 


equivalent  in  size  to  RG-8,  11,  89,  and  58/0 
are  available  for  tp  noral-purpose  uee.  Minia¬ 
ture  cables  are  required  with  accelerometers, 
recording  heads,  and  similar  piezoelectric 
instruments  whore  the  cable  mass  must  bo 
ltop<-  to  an  absolute  minimum.  Such  cables 
vary  In  overall  diameter  from  0,50  to  0.120 
inch  and,  except  for  the  conductive  coatings, 
conform  to  the  general  constructional  prac¬ 
tices  of  the  conventional  50-,  76-,  and  96-ohm 
miniature  cables.  low-noise  cablaeuss  stand¬ 
ard  coaxial  connectors  o?  appropriate  size. 


BASIC  ELECTRICAL  C.BaRAC TEBI8TIC8 


Electromagnetic  energy  can  propagate 
through  a  hollow  metallic  tuba  or  waveguide 
with  many  possible  configurations  of  electric 
and  magnetic  fieldo;  each  specific  configuration 
in  known  as  a  "mode.”  The  particular  taode 
which  la  transmitted  within  a  wavegu<do  do- 
ponds  on  the  excitation  employe'1  and  on  the 
size  and  shape  of  the  waveguide  <_  .  jo  section 
in  relation  to  the  wavelength  or  frequency  of 
the  ware.  Modes  arc  classified  in  reference 
to  the  field  components  in  the  direction  of 
energy  propagation. 

TE  (Transverse  Electric)  Modes.  The  r!ec- 
tricTYIelcI  components  are  contained  in  a  plans 
normal  to  the  direction  of  propagation..  An  the 
magnetic  field  has  a  component  In  the  direction 
of  propagation,  that  Is,  along  tho  waveguide 
asis,  those  modes  are  also  called  “  H”  wa-oic 

TM  (Transverse  Magnetic)  Modes.  Tbs  mag - 
notfiTIifiliJ  components  are  contained  in  a  plane 
normal  to  the  direction  of  propaga'ion.  The 


Modes 


WAVEGUlOStS 


Table  S-i7— Compariacw  of  Delay  Line  Characteristics 


}«»  4i-;s 


Type 

RG-63/U 

RG-S88/U 

.  ~ - 

RG-m 

RG-185A! 

KK-1500f 

HH-1800t 

H53-2500f  j 

Mechanical 

Conductor  uixe  (in.) 

..  .. 

0.C03 

o.ooe 

0.C34 

0.0003 

o.ooe 

— 

o.oot 

fiUSt-3  j 

•Core  tSajBGSer  (In.) 

0.S10 

0.2SS 

0.113 

0.115 

0.115 

o.m 

0.123 

Core  dKintructioB 

Non- 

Nonmagnetic 

Magnetic 

Magnetic 

Magnetic 

Magnetic 

MgRaeiis 

and  material 

Over -all  diameter  (In.) 

magnetic 

0.405 

compensated 

0.405 

0.405 

compensated 

0.272 

0.405 

0.280 

0-250 

Electrical 

Impedance  (swims) 

050 i50 

1000  i  50 

2240  i70 

2000  it 50 

1800 

1?C0  4250 

2608  *2W ! 

Time  delay  (osec/ft) 

0.042 

0.20 

o.n 

1.1 

0.073 

1.00 

o.eo  i 

CNitcu  ^.-qeency  (Me)' 

100 

60 

10 

& 

6 

2 

Efficiency  (db/usec) 
at  low  freq.  (100  kc) 

0A8 

1.8 

0.1 

o.s 

0.6 

0.3 

os 

at  euteff 

5.2 

18.0 

5.0 

3.6 

3.0 

- 

1.1 

Cnpacltaoca  muf/fi 

->» 

— 

<0 

— 

- 

243  | 

D-C  reslfita.ee* 
Icfcms/ftS 

7.7 

- 

-- 

7.7 

75 

*73 

*  Phase  delay  Sports  !rom  linear  by  more  than  5%. 
f  Marketed  by  Columbia  Technical  Sale*  Cr>rp.,  New  York  32,  N.Y. 
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electric  field  has  a  component  in  the  direction 
of  propagation,  and  for  this  reason  these  modes 
are  aiso  called  "8”  wavaa. 

HEM  (Hybrid  Electric  Magnetic)  Mode.  This 
type  ..(rails  a  combination  of  a  TETaixi  T>i 
mode,  that  is,  both  E  end  H  field  components 
are  present  In  the  direction  of  propagation. 
Such  modes  are  of  particular  interest  in  trans¬ 
mission  aJoog  dielectrics  or  dielectric  coated 
rods. 


A  mods  lo  Identified  by  two  numerical 
subscripts  (TE E„  or  TMm„)  which  denotes  the 
number  of  half-wave  field  variations  in  the 
width  (a)  and  height  (b)  dimensions  of  the 
guide.  For  circular  waveguides,  cylindrical 
coordinates  are  used  where  in  la  tiro  variation 
in  the  S  direction  and  n  in  the  p  direction.  For 
most  applications,  these  dimensions  are  chosen 
so  that  only  (ho  dominant  mode,  that  is, 
lowest  frequency  or  longest  wavelength,  will 
propagate.  At  any  abrupt  change  in  tire  wave¬ 
guide  cross  section,  or  obstacle,  higher  order 
modes  may  bs  excited,  but  they  are  attenuated 
very  rapidly  In  iho  dominant  mode  guide  at 
a  short  distance  from  the  discontinuity. 


Frequency  Range 


The  wave  traveling  in  a  guide  in  any  uods 
In  composed  of  two  component  plane  wave 
fronts,  each  traveling  at  the  speed  of  light 
(10s  meters  per  second).  As  the  so  waves 
ore  at  an  angle  to  the  direction  of  propagation, 
the  projection  of  the  free  wavelength  A,  on  the 
guide  axle  results  In  a  guide  wavelength, Ag, 
which  Is  always  greater..  This  gives  ri#a  to  & 
phase  velocity,  Vp,  which  is  does  .o  infinite 
soar  the  cutoff  freq-.'ncy,  and  approaches  tfe* 
velocity  of  light  ns  tho  frequency  is  Increases. 
The  signal  or  Intelligence  travels  at  a  velocity 
loss  than  that  of  light,  known  as  the  group 
velocity,  v’p.  Then”  two  velocities  are  related 
by  tho  expression; 


VD  V, 


Propagation  cannot  occur  If  tho  ewscfeg 
between  parallel  conducting  pianos  is  k-ss 
than  half  of  tho  cutoff  wavelength,  c ,  Tb© 
following  relationship  applies  to  any  mods  is 
an  air-filled  waveguide. 


As 


A 

VT 


(25) 


The  field  distribution  for  various  modes  In 
all  practical  waveguide  configurations  h33 
been  treated  extensively.  (41)  A  cross-section 
view  of  the  more  popular  modes  is  Illustrated 
In  Fig.  8-25{A)  and  (B).  Tho  direction  of  tho 
electric  vector  is  also  referred  is  as  the  type 
of  polarization  (vertical,  horizontal,  circular, 
and  eo  forth.  In  the  transverse  plane,  the 
lines  of  magnetic  flux  arc  always  orthogonal 
to  those  of  the  electric  field. 


In  rectangular  guides  for  all  TE  and  T1H 
modes  lEe  cutoTi  wavelength  la  glysa  by 

U/Tb/ 

For  the  TE)9  or  dominant  mode  reduces  ts> 
3a.  The  cutoff  wavelength  for  the  next  higher 
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Fij.  8-SJ.  (A)  Crofs-ssctlcej  rlffrr  c /  tlw  nflfteratlon  of  clc-rtrle 
fleld  for  coalman  TE  modes  !n  rectangular  .jatrg'uldoc.  (B)  Cjtosm- 
es-ctlo-i  view  of  tfes  configuration  o<  magnetic  field  for  commie  YM 
racden  1b  rectangular  and  circular  wavtguld**- 
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mode  (TES0)  ia  equal  to  "a”  which  results 
in  a  theoretical  band  width  for  the  dominant 
mode  of  2:1  or  68  percent*  R  Is  customary 
to  operate  waveguide*  at  frequencies  on  lotrsif 
than  10  percent  above  TE„  cutoff  dwe  to  the> 
rapid  increase  in  attenuation,  or  5  percent 
below  the  TEW  cutoff,  to  prevent  possible 
mode  conversion.  (See  Fig.  §-26.)  In  actual 
practice,  rectangular  waveguides  have  a  rec  ¬ 
ommended  band  width  which  varies  between 
33.5  and  41.2  percent  The  value  of  “b" 
must  also  be  kept  less  than  a/2  or;\./4  to 
prevent  initiation  of  the  TE  or  TM  K,  modes. 

For  circular  guides  the  cutoff  wavelengths 
are  determined  by  the  radius  “a”  of  the  guide 
and  the  roots  of  the  Bessel  function,  U** .  Table 
8-18  gives  the  value  of  A* /a  for  TH«3  and 
TM  waves.  (42)  Circular  guides  have  a 
usabh  s<*.nti  width  of  about  30  percent. 

Ridged  guides  achieve  a  great'1’"  band  width 
byTiic  real1  Log  (He  spread  between  the  T3e,  and 
the  TE0*  modes.  (43)  Band  widths  3a  high 
as  4:1  have  been  achieved  in  either  atogle- 
or  double- ridge  guide  whose  cutoff  character¬ 
istics  are  approximately 

.  _  ir( s  -  a)  ab 


ForA>>>At)  the  attenuation  ia  virtually  la- 
dependent  of  frequency  and 


a,-®*  §4.5  h/he 


The  input  impedance  of  a  waveguide  below 
cutoff  is  purely  reactive. 

Attenuation 

As  in  the  coaxial  line,  the  sttenuation  in  a 
waveguide  can  l'A  ?eparated  into  conduetorand 
dielectric  losses.  For  a  gaseoue-filled  guide 
ih j  latter  may  be  neglected  except  at 
meter  wavelengths  where  absorption  phenom¬ 
ena  may  take  place  at  certain  frequencies. 
The  conductor  or  “wall"  losses  for  ssgivea 
cross  section  vary  as  the  square  root  of  tha 
resistivity  of  the  material,  and  the  ratio  d 
applied  signal  wavelength  to  the  cutoff  wave¬ 
length.  As  the  wavelength  io  decreased  below 
the  cutoff,  the  attenuation  drope  rapidly  from 
its  very  high  initial  value  to  a  broad  minimum 
and  then  rises  again  slowly  as  shown  to  Fig, 
8-26.  This  ia  true  for  ail  rectangular  and 
circular  waveguide  modes,  except  for  the 
T"oa  circular  electric  inodes  (that  is,  TEn, 
TS0f)  whose  attenuation  continues  to  decrease 
with  frequency.  For  minimum  attenuation  over 


s  «  width  of  rldgo 
d  °  gap  distance  in  ■  ’dga 

Once  the  dimensions  of  the  waveguide  have 
been  established,  the  value  of  \  can  bo  i Jsier- 
mimxl  for  any  applied  wavelength  Aby  Eq. 
(30),  Ttils  equation  may  bo  solved  graphically 
from  the  quartcr-circla  chart  of  Fig.  8-27. 
It  can  bo  seen  that  A*  is  always  greater  than 
A  and  approaches  infinity  near  cutoff  where 
A/A*  approaches  unity.  The  phase  ceasiant 
is  simply 

For  wavelengths  groatsr  than  AC{  too  gnida 
lo  unable  to  support  a  traveling  wave  and  its 
attenuation  increases  exponentially  with  length. 
Waveguides  below  cutoff  are  commonly  used  for 
variable  attenuators,  whose  attenuation  for  a 
length  (L)  are  ahov/n  below: 


=  54.5^  YT -  (K/W 


e  Burnt  wldtha  may  b«  expressed  sis  the  rsiio  of 
f , . f , ,  or  as  a  percentage  equiiJ  to  200  (i|-fr)/(f|»  f.) 
where  (,  lr.  the  lower  frequency  and  lt  the  upper, 
fi-equency.  „ . 
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FREQUENCE  KIlOMEGaCYtLES 

Fig.  G-39.  Variation  of  attenuation  with  fre¬ 
quency  for  eovoral  roodta  In  HG-tU/U  ware- 
guide. 


_ _ , .  . 


SOS 


Table  9-18— Normalised  Cutoff  Wave¬ 
lengths  £hc/a)  for  Circular  Gufclsa 


4fe3  largest  possible  frequency  range,  the  ratio 
o£  a/b  should  bs  2,9  in  the  dominant  ssode 
rectangular  guide. 

Theoretical  formulas  for  air-filled  copper 
waveguides  are  given  in  Table  8-10,  Thera 
may  be  converted  to  saetalrro?  other  electrlcjsl 
conductivities  by  multiplying  then;  by  thQ 
inverse  ratio  of  the  square  root  of  the  eoa- 
i&ctiviiies  shown  in  Table  8-20.  Actual  valued 
aS  attenuation  are  dependent  on  microocopie 
ssurfaca  condition  ao  the  frequency  io  in¬ 
creased  and  the  skin  depth  ia  reduced  to 
thousandths  of  ao  inch.  Up  to  IS  kMc  tho 
ssseaaurod  values  are  generally  within  25  par- 
cent  of  the  theoretical,  with  the  best  eorroifl- 
fkra  being  obtained  on  drawn  surfaces,  Mn- 
chined  surfaces  are  frequently  poorer  sr,f3 
plated  surfacoo  vary  .a  groat  deal  dm  to  po¬ 
rosity  and  roughness.  In  tlis  vicinity  of  80 hit’s 
the  attenuation  can  rise  from  69  to  110  per¬ 
cent  above  theoretical  and  deteriorate  even 
further  unde  s'  adverse  environmental  condi¬ 
tions.  (44)  Thin  oxides  or  chemical  coatings 
arc  mt  harmful  If  their  resistivity  ie  high, 
ihnf  ia,  as  long  aa  they  are  good  dlelectrico. 


Characteristic  Impedance 

Tho  absolute  value  of  tbs  characteristic 
impedance  of  a  waveguide  ia  at  little  direct 
concern,  sa  most  associated  items  arc  nor¬ 
malised  with  respect  to  it  It  may  bo  defined 
in  three  ways  for  a  matched  lossless  rec¬ 
tangular  waveguide  in  the  TE01  mode.  Similar 
definitions  exist  for  other  types  of  waveguides. 

1.  55  (W(V)  =  V  */W,  where  V  io  tha  ms  value 
o?  the  electric  voltage  at  the  midpoint  of  the 
broad  walla,  and  W  is  the  total  power  flowing 

down  the  guide, 

2.  ZM  »  W/I*  whore  I  Is  the  ms  value 
of  the  longitudinal  current  flowing  on  one  wall 
normal  to  the  elects,.  vector,  and  W  is  tha 
total  power  flowing  down  the  guide. 

3.  2  (nq  «=  V/X  Is  tho  geometric  memo  of 
Z  M  and  Z  M  above. 

The  third  definition  above  loads  directly  to 
tho  "wave  impedance”  which  io  tee  ratio  oi 
tho  transverse  compos.  its  of  the  electric 
::d  magnetic  fields  at  any  point  of  the  wave- 

Dttkk*, 


Z 


»«va 


V_  E, 
I  "Hf 


For  propagation  in  air  in  the  TEK  mode,  this 
reduces  to  the  so-called  “impedance  of  fr«« 
space.” 

Z  TF,‘>3  ’  377  Oto® 


For  all  TE  and  i'M  modes  tha  wave  imped¬ 
ances  for  air-filled  guktes  oite  gives  by 


A 

ZTE  “^fOFT^fej 


(35) 


zra  ■*  %r  or 


These  expressions  are  useful  in  tho  deter¬ 
mination  of  Impedance  mismatch  and  VflWE 
where  the  guide  dimensions  are  changed 
slightly,  without  any  abrupt  discontinuities. 


Power  Capacity 


T  he  pov/er  handling  capability  of  a  waveguide 
is  determined  by  tho  breakdown  oi  the  gaseous 
dielectric  in  the  vicinity  of  maximum  electric 
atroes.  Tho  gaseous  discharge  process  In 
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.  0 -37.  Chart  for  deterialoiug  w-avcjulrto 
wavelength. 
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Table  8-18  — Attenuation  and  Power  Formulas  for  Corasncn  IJav^guliSe  Typos 


Type  cf 
guide 
mode 

kc 

Attenuation  a,;)* 
(nepers  per  meter  x  10’k) 

{Recta  eg- 

7a 

1.40A  fan  A1  \ 

ular) 

TES1 

(Circular) 

3.41a 

— r41s+») 

teq. 

1.04a 

0.70 A  /Kt 

(Circular) 

TM„ 

2.78a 

Q.70A 

(Circular) 

& 

CW  pmrtext 
Cite) 


location  of  maximum 
voltage  irirssc 


0.0883  ah  B;®  I  M  a/2,  parallel  to 
A®  J  direction  es  b 


0.598  a*--  »*  I  At  rates  etjvtfil  to< 
A«  j  O.-fiJa 

0.7§9~£  ~-E*  j  a/X<O.701-^i 
A  As  9  eenfrar  (t£  niHn 


0.SJ11  ft* 


cent'ttr  of  (prMIfS 

*A>0.1£' 
radiiMi  «jua!  to 
0.T6S* 


All  dimension!)  in  meters,  a  *  width  of  rectrmgvjlar  gukS?p  or  sradltss 
circular  guide  and  b  ia  the  height  cf  roe  (angular  guide. 

0  A  «  fofeoopper  walls  with  air  auuoctrfe. 

fE  is  peak  voltage  expressed  in  kv  per  meter. 


more  variable  in  a  waveguide  than  s  coaidal 
line  duo  to  tho  nonuniform  field  distribution, 
the  large  gat'  ’  .ances,  and  the  frequency  oi’ 
the  applied  -ncr&y  which  approachao  the  transit 
time  of  the  electrons  for  the  gap  spacings  in¬ 
volved,  Breakdown  is  a  primary  concern 
under  pulsed  conditions  ao  the  continuous 
wave  (CW)  power  available  from  tubes  la 
considerably  below  the  capacity  of  the  wave¬ 
guide.  While  heating  occurs  duo  to  reeiotivo 
i,  is  in  the  walls,  it  is  not  sufficient  to 
cause  any  significant  temperature  rise  or 
any  power  lira  nations. 

Breakdowns  or  continuous  discharge  occura 
when  free  electrons  are  produced  in  the  gap 
at  a  rate  which  exceeds  their  removal  by 
diffusion  to  the  surrounding  wullo  or  attach¬ 
ment  to  neutral  gas  molecular..  'Hi In  process 
starts  by  the  chance  appuarance  of  a  free 
electron,  its  acceleration  by  the  electric  field 


to  produce  ionising  coUisSona,  ths  buildup 
of  a  positive-ion  /space  c/iang»,  and  flaatly 
the  creation  of  sufficient  electrons  to  poraJft 
n  gaseous  discharge.  Whether  sin  electron  to 
'effective  in  starting  this  pvocos*  will  derail 
upon  its  initial  position  and  velocity,  and  ifes 
phae®  oi  the  microwave  field  at  the  time  cf 
its  appoaranco.  When  a  single/  puloa  is  applied, . 
sufficient  time  may  »ot  exist  for  brealutom 
to  occur,  ha  the  pul»  width  Is  decreaessS 
below  about  l  microsecond  «t  otmoopheri* 
_  pi ©0 sure,  tho  maximum  electric  field  cm  S)3 
increased  significantly.  For  a  sorted oipulfiOQ, 
the  breakdown  valuo  1®  lowered  as  sores 
ffllectrons  will  remain  from  preceding  poises, 
and  eventually  a  pula®  will  occur  in  which 
breakdown  esa  tabs  place.  Tliua,  the  slngi;) 
pulse  condition  injposos  an  upper  limit  and 
ths  CW  condition/  a  lower  limit  on  the  magni¬ 
tude  of  the  breakdown  field.  The  value  for  s 
series  of  pulocs  _ would  b©  between  thos® 


Table  8-7.0 — CharnclertoUcie  cf  Commoa  Waregwlde  Mvtais 


Metal  composition  Rosl/stivHy  (chm-crn  x  }0"®>  | 


Stlvor 

Copper 

Tellurium  cuppe 
Coin  silver 
Aluminum 
Brass  (00-10) 
Magnesium 
Brans  (86-M) 


•  International  Annealed  Copper  Slaceterd 


j«. - 


MkWH {MWixzx  ^rjsxtasxrtn^et 


limits  depending  ©a  th®  prsagure  and  pulse 
characteristics,  B  has  beea  shown  that  ine 
single  puiee  condition  can  o®  used  when  the 
repetition  rate  io  leea  than  approximately 
three  times  the  pressure  espreaeed  in  milli- 
Hieteraoif  mercury  ^normal atmospheric prea- 
sure  is  780  mat),  {<}§>) 

Many  oi’  the  factors  discussed  above  arc 
statistical  in  their  behavior,  and  ia  the  ex¬ 
perimental  determination  cif  breakdown,  data 
are  usually  expressed  aa  a  probability  of 
occurrence  at  a  particular  power  leveL  Break¬ 
down  probability  is  defined  as  the  ratio  of 
pulses  during  which  breakdown  occurs,  to  the 
total  number  of  pulse*  applied.  This  may  ba 
projected  to  a  very  small  but  finite  proba¬ 
bility  known  as  tbs  ‘'onset”  stress,  which 
determines  the  rating  ef  waveguide  com¬ 
ponents.  Testing  time  may  ha  reduced  by  the 
Introduction  of  a  scarce  of  energy  radiation 
(X-raya,  gamma  j raya,  ultraviolet  light,  miu 
so  forth)  to  enhance  tbs  production  oi  free 
electron!!  beyond  feat  provided  by  normal 
background  X-ray  or  cosmic  ray  radiation. 

Expressions  for  the  Ct7  power  and  location 
of  the  Bjaaimum  field  streea  for  the  most 
popular  modes  are  shown  i»  Table  8-19.  The 
peak  value  of  voltage  (E)  depends  on  the 
modulation  ami  V8WR  in  a  manner  similar  to 
the  coaxial  case.  [Breakdown  la  most  likely 
to  occur  where  the  field  is  distorted  due  to 
abrupt  changes  of  cross  section,  conversion 
to  otner  mode*,  or  ra.90nan.cac.  Surface  rough¬ 
ness  or  chemical  coatings  on  the  waveguide 
waits  will  also  UtflucBce  She  breakdown  value. 

DETAILED  DISCUSSION  OF  TifPES 
Rectangular  Wavegukiss 

Standard  rectangular  waveguides  arc  avail¬ 
able  over  the  frequency  range  from  470  Me 
to  320  kMc  with  Inside  dimensions  extending 
from  15.00  by  7.50  Such  to  0.0340  by  0.017 
Inch.  Military  procurement  is  in  accordance 
with  PJIL-W-85C,  “Tubing,  Waveguide,  3 cam  - 
loos,  It octangular, ”  and  the  requirements 
therein  are  closely  paralleled  by  EIA  Stand¬ 
ard  TR-108A,  “Rectangular  Waveguides.'’ 
The  latter  includes  L.o  serico  of  waveguide 
sizes.  Each  oerleo  provides  a  continuous  fre¬ 
quency  coverage  that  is  displaced  in  fre¬ 
quency  by  Iiali  of  a  waveguide  band  from  tha 
other  aeriee;  tto,i  la,  the  etui  points  of  th® 
“A”  series  are  the  mid-points  of  the  “B” 
aeries.  The  military  services  have  agreed  that 
when  additional  waveguide  sir  'J  ars  required 
in  the  future  they  will  be  selected  Sroni  the 
EIA  Standard, 


Construe  tie  n.  Early  waveguides  wers  fabri¬ 
cated  from  copper  or  brass  azcMtectoral 
tubing  whoa©  outside  dimensions  h£d  a  widihi 
to  height  or  aspect  ratio  of  2:1  (that  ia, 
1  by  1/2  inch,  1/2  by  1/4  inch.,  and  do  fbrthju 
These  early  Bizee  have  been  retains 3,  and  it 
is  efiil  common  practice  to  refer  to  wave¬ 
guide  sizes  by  their  outside  dimsnaicito.  All 
new  guides  utilise  an  aspect  ratio  of  2:1  for 
the  inside  dimensions  which  simplifies  scaling 
of  designs  from  one  guide  size  to  another. 
Table  8-21  summarizes  the  dimensions  and 
frequency  range  for  th®  EIA  Stast  'rda  end 
those  sizes  a,-*!  constructions  which  ha.  •>  been 
assigned  asilltary  nomenclature.  m the  TtA 
designation  consists  of  the  letters  WB  (wssv;> 
guide  rigid)  followed  by  n  number  equal  to 
the  broad  wall  dimension  la  hundredths  of 
an  inch.  f?br  the  extreme  high-frequency 
region  {that  is,  millimeter  wavelengths)  tto 
outside  configuration  of  all  the  waveguides  is 
made  circular  at  e  constant  diameter  of 
0.158  i  0.0-91  inch  for  greater  rigidity  asvl 
simplicity  of  fabrication.  Data  for  these 
special  millimeter  waveguides  aro  contained 
in  Table  8-251 

Rectangular  waveguides  are  also  supplied 
in  several  variations  of  tlvose  dlmeneionfl  for 
special  applications.  Where  section!}  of  wave¬ 
guide*}  are  to  fen  wood  for  fabrication  of  as¬ 
sociated  devices,  precision  tubing  can  be 
obtained  ?4th  a  maximum  tolerance  of  i0.002 
inch  in  any  d&nenelon  In  the  EG--!!),  50,  find 
51  /U  olzec,  and  with  a  maximum  tolerance 
ofiO.OOi  inch  in  the  RG-52,  91,  and  83/TJ 
sizes.  Wile  re  two  to  three  atmospheres  of 
internal  pressure  are  required  for  !Ugh  power 
uos,  or  for  high  external  pressure  each  a® 
encountered  in  submarine  use,  tubing  with 
heavy  and  extra  heavy  wall  ihlcknesass  are 
available  to  limit  dcformctlon  of  the  broad 
walL  '-’here  space  is  &$  a  premium  and  et 
low  power  level*,  waveguides  with  reduced 
heights  are  used  with  corae  slight  Increase 
Id  attenuation.  Th  In-wall  vers  tone  of  RG-69/U 
ha  j  also  been  made  in  brass  and  copper-clsd 
staliuess  steal  to  reduce  weight  for  long  raus 
on  shipboard  nwsts, 

Material c*.  A  variety  of  construction  tech¬ 
niques  anJ  materials  are  required  to  en¬ 
compass  this  broad  range  of  sizes  and  fre¬ 
quencies,  In  the  middle-size  rang?  (WR6E0 
to  VVR42)  drawn  tubing  oi  alloys  of  copper, 
aluminum,  or  magnesium  are  very  popular. 
The  copper  alloy  known  as  commercial  bronze 
(90-perccni  copper,  10-porc  nt  r.ir.c)  has  good 
mechanical  properties,  is  easy  to  colder  or 
braze,  io  reasonably  eorroeion  resistant,  and 
is  not  subject  to  failure  by  season  cracking. 
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Table  $-22-— rOTtzeJer  ftes&ssofes’  WavegoKas 


Military 

iiomen- 

clattirc* 

RG- 

Operating  range 
for  TEW  inode 
frequency  (kS4c) 

(f,  tO  f*> 

Width 

fa) 

Height 

fe3 

KNcss-aafee 

tclsrasico 

iso.^ 

CfestauH 

esccslric- 

;  m 

KasSssu^i 
tsar  a? 
©orsoi* 

TiJBoroilca! 

attonsflitioa 

Cf  !  tO  $?} 

CE?  pawor  ] 
rating? 
CM 

(2  a  f»  fig!) 

136  A3 

90.0-240.0 

0.0600 

O.04C© 

i&sm 

0.09S1 

J. 52 -0-59 

i.o  -2.0 

136/U 

110.0-170.0 

0.0650 

0.0325 

*®.C0o25 

@.001 

0.8935 

3.43-1.37 

8.2  -8.7 

135  A3 

H  0.0-230.0 

0.0510 

0.0255 

*0.03325 

0.001 

«.C03S 

3.08-1  .S3 

o.n-tm 

137  AS 

170.0-2(50.0 

0.04  30 

0.0215 

40.00320 

6.0033 

O.C9X5 

SM  -".54 

0.52-8.73  1 

139/U 

220.0-325.0 

0.0310 

0.0170 

*0.00030 

©.0803 

0.0015 

5.12-3.40 

u 

0.35-S.4?  j 

•  There  are  no  EIA  type*  to  tills  lire  raego. 

t  Half  the  difference  between  opposite  wall  fbidaseeceo  measured  at  atsy  *ros«  oectiaa  psrjjOEfiieptosf  to 

the  longitudinal  axia. 

J  Ew  »  15  kv/ciE, 


Oxygen-free  high-conductivity  copper  (CHIhC) 
has  Increased  use  since  it  has  a  letter  initial 
attenuation  and  a  greater  stability  than  com¬ 
mercial  bronze  even  when  the  latter  is  silver 
plated  For  example,  the  attenuation  os’  WH13V 
will  vary  between  2.00  and  2.40  db per  hundred 
feet  for  OH”"  copper,  2.80  and  3.38  for  brass, 
and  2.44  and  2.05  for  aluminum.  The  drawing 
process  for  brass  and  copper  tubing  produced 
smooth  iwnporous  surfaces  with  an  attonuattos 
very  close  to  theoretical  ap  to  approximately 
10  kMc.  Silver  plating  of  brass  components  Is 
effective  in  reducing  attenuation  provided  tho 
surf  aces  are  buffed,  elcctropolished,  or  applied 
by  tho  “periodic  reverse”  process  to  mini¬ 
mize  porosity.  Unfortunately,  somo  of  tho 
silver  corrosion  products  are  poordleSecirice 
and  will  cause  an  appreciable  increaeo  to 
losses  as  i'  frequency  is  increased  (that  13, 
as  the  skin  depth  more  nearly  approaches  the 
thickness  of  the  corrosion  layer).  A  thin 
“flash"  coating  of  rbxlluro,  palladium,  or 
gold  will  minimize  the  effect  of  nglng.  Plating 
on  the  Interior  surfaces  of  long  sections  of 
waveguide  tubing  should  bo  avoided  ss  normal 
commercial  processes  will  result  in  a  Klin, 
nonuniform  coating.  While  sdoquata  plating 
thickness  can  be  achieved  with  internal  anodes 
ami  u  periodic  reverse  process,  it  is  not 
economical  for  long  lengths  of  tubing. 

Where  weight  Is  concerned,  23  aluminum 
alloy  or  FS-1  magnesium  alloy  ia  lined.  Both 
of  these  alloys  exhibit  a  high  strength-to- 
weight  ratio,  ready  availability,  adaptability  to 
various  fabrication  techniques,  and  reasonable 
compromise  of  electrical  characteristics. 
Magnesium  affords  about  a  40  percent  reduc¬ 
tion  in  weight  and  28  percent  increase  in 
strength  In  comparison  to  aluminum  in  WBI12 
size.  (40) 


In  eonSnei  wAh  .raoi s&  ab?  tooth  laateirioila 
a  thin  grey  protective  film  ©f  hydrate? 
©xbfeo  and  carbonates  which  tondo  to  protect 
ifessa  against  further  corrosion,  To  mfcce 
galvanic  corrosion  its  ths  presence!  ctd  water 
or  ether  electrolytic  colufionfj,  aluminum  sur- 
ic see  are  anodimi  find  magnesium  BmJ.tc®© 
are  treated  with  ncdUua  dichromath  coatings, 
in  sccoiu.iaco  with  Specification  KtiL-G-Sfsdi 
“Chemical  Filins  for  Aluminum  and  Aluminum 
Alloys’"  and  f^sculcation  MIL-M-3171  “  Mag¬ 
nesium  Alloy,  Process  for  Corronioss  Pro¬ 
tection  of,"  respectively.  Exterior  surfaces 
should  receive  addttioncS  coatings  ol  irrldits 
oa'  chromate  primers  followed  by  two  coats 
of  enamel,  !a  set-ordarr©  with  tho  proceduroa 
csdllned  in  Specification  ML--F- 14073  “Fin- 
i.?heo  for  Ground  Signal  Equipment"  Alumi¬ 
num  eonctructiono  nlr-o  predominate)  for  Pises 
shove  tho  V/iuSO.  it  io  mor©  economical  1b 
thee©  larger  sixes  to  construct  tho  wavegulds 
from  various  U-Gliapcd  sections  or  flat  plutoe 
bolted  together  which  accounts  for  tho  in¬ 
ability  to  standardize  on  outsids  dimensions 
as  shown  in  Table  8-2L 


Whore  minimum  attenuation  ic  required, 
cola  oilvor  (DO  percent  silver,  10  parcoEt 
coppor)  is  used  for  tho  WH62  size  and  smaller. 
Coin  yilvor  may  comprioe  tlio  entire  thldniosg 
of  tho  wall  or  servo  an  an  inner  laminating 
mfliarisl  with  an  outer  sheet  of  Inasponoivo 
ductile  metal  ouch  as  brans.  The  extremely 
small  aiseu,  RG-135  to  139/U,  roust  bo  eloc- 
trofonned  on  highly  polished  precision  man¬ 
drel*  to  ensure  that  Interior  ourfaceo  ap¬ 
proach  a  mirroi  -like  finish  (surface  rough¬ 
ness  of  lean  than  10  microinchos  rms).  Coin 
Oliver  surfaces  s.gs  poorly  tn  a  manner  similar 
to  allver  pinto. 


Electrical  Characteristics.  DaSa  m  the 
theoretical  attenuation  and  cw potje?  rsttog  are 
(tabulated  in  Table  8*23  for  standard  wave¬ 
guides  operating  in  the  dominant  assde.  The 
^ower  rating  is  based  on  a  breakdown  strength 
sf  air  of  15  kr  per  cm  at  normal  afcaespfceric 
pressure  which  provides  a  safety  factor  of 
about  4.  Figure  8-i*t  is  an  overall  plot  o!  how 
these  parameters  vary  wiii  wavegoMe  di¬ 
mensions  and  permits  an  appro  xtuiotton  for 
those  waveguides  noi  included  in  Table  8-23- 

Increased  band  widths  can  be  achieved  to 
rectangular  waveguides  by  departure  from  the 
optimum  aspect  ratio  of  2:1  at  ecroo  sacrifice 
in  attenuation  and  power  handling  capacity. 
Two  such  waveguides,  shown  in  Table  0--24, 
have  an  aspect  rat'o  of  2.8:1  which  serves 
to  increase  the  freeze ncy  at  which  tbs  TEot 
mode  can  be  initiated.  Even  broHer  band 
widtha  can  l>a  obtained  In  a  “flat”  wnceguid® 
by  choosing  the  dimensions  so  that  higher 
order  modes  of  only  iho  T typ.o  may 
propagate.  However,  care  must  ha  tc&cn  in 
the  design  of  components  to  avoid  coupling 
to  the  other  modes  (TEW  and  TEM)  which 
can  cause  iargo  lo eecs  and  excecstvs  dis¬ 
tortion.  Such  waveguides,  capable  of  support¬ 
ing  several  modes,  generally  utilize  raodc 
iilters  to  dissipate  the  energy  la  ISss  un¬ 


desired  mode**  by  ©ondueffto©  or  reoi0tiv3 
elements  appropriately  situated  to  the  wavs- 
guide.  One  such  waveguide  with  teteaaaE  «3to 
menaions  of  0.740  by  0.140  inch  cpsrateo 
successfully  over  ths  rang®  of  10  to  4®  M3e. 
It  esdiibits  an  attenuation  of  0.34  to  ®.3S  & 
per  meter  and  a  power  rating  of  80  to  268  &7 
over  this  frequency  range.  This  Jo  approxi¬ 
mately  equivalent  to  the  characteristics  of 
the  middle  size  of  'ife®  four  waveguides  it 
replaces. 

Circular  Waveguides 

Circular  waveguides  have  not  received  too 
wide  usage  of  rectangular  waveguides  to  tbs 
past  except  as  part  of  rotary  joints  off  transto 
tions  which  required  circular  symmetry.  Tfee.. 
use  is  steadily  increasing,  particularly  to 
light  of  the  greater  interest  in  Ore  higher  m(3 
higher  frequencies.  Tha  proposed  esrias  of 
circular  waveguide  sizes  which  as©  ohoua 
in  Table  8-25  are  being  standardised  Jointly 
by  ELA  and  the  Military  Servtceo.  For  aslck 
size  guide,  the  frequency  rungs  is  indicated! 
for  the  TS„  and  YE a,  mode  off  cpes’ntioe. 
For  each  mode,  the  bond  width  is  about  30  to 
35  percent;  with  recommended  limits  of  cjj= 
eration  between  1.15  TSn  to  0.82'TE9i,  and 
J-21  TE'oi  to  0.1 1  I'Sm,  respectively.  In 


Table  2-2$ — Elect r leal  Properties  o l  Rectangular 
Waveguides 


Military 

noBianclniiux’ 

RG- 


Sffaterlal 

(alloy! 


Braaa 

Aluminum 

Brass 

Aluminum 

Brass 

Aluminum 

Brass 

Aluminum 

Brass 

Aluminum 

Braes 

Aluminum 

Brass 

Aluminum 

Brass 

Aluminum 

Brass 

Stiver 

Aluminum 

Silver 

Silver 

Silver 

Silver 


*10  irr/aa 


Theoretical 
attenuailoa 
(db/100  ft) 
(f,  to  f,l 

0.317-0.213 

0.269 -0.1  TO 

0.588-0.385 

0.501-0.330 

1.102-0.752 

0.940-0.641 

2.03  -  i .  -4  4 

1.77-1.22 

2.87-2.30 

2.45- 1,94 
4.12-3.21 

3.50- 2.74 

6.45- 4.48 
5.49-3.83 

9.51- 8.31 
6.14-5.36 
20.7-14.8 

13.3- S.5 
17.6-12.3 

21.9- 15.0 
31.0-20.9 

52.9- 39.1 

93.3- 52.2 


CW  power*  ] 
rating  i 
{M*l 
(f.tofj) 

10.0-14.5 

4.38-6.30 

3.82-2.60 

0.800-1.15 

0.475-0.625 

0.310-0.41® 

0.132-0.275 

0.110-0.150 

0.040-0.030 

0.024-0.036 

0.010-0.022 

0.0073-0.C1! 

0.0050-0.0072 


'•v 


■s'.  -s'  - 


%  \  \ 

%\\ 

%\ 

— %  \4 


K. 

?  0.01 

2 


0.0001  u 
0.01 


\  \% 


WIDTH  OF  WAV/.  GUIDE,  INCHES 


Tip.  8-30.  Vtritllw  oJ  parameters  of  r«cfaM|«Ur  wavsgeSiSsr 
(TSts  mode)  with  dissensions. 


actual  practice  the  usable  han't  width  may 
be  limited  to  10  or  15  percent  duo  to  fee  large 
variation  ol  altonuatloc  with  frequency- 

Modes.  Each  modo  o?  operation  has  par¬ 
ticular  advantages  In  so  tor  uo  (fee  trans¬ 
it  (union  lino  and  the  eystsi"  requimiieaia  and 
concerned.  The  TJEu  nwdc  In  circular  guide 
is  the  dominant  mode  analogous  to  tbs  TE1( 
mode  In  a  rectangular  guide-*  fioveeer,  it  1* 

*  An&lcgous  waves  lor  rectangular  and  circular 
guides  <fe>  no.  have  the  sjunc  subscripts  A  compari¬ 
son  o l  Fig.  8-25  will  also  uhow  Cut  IJic  TSf  f  war* 
In  rectangular  guide  la  analagou*  to  the  Til tl  wavs 
in  circular  guide;  the  TV rcctar^ular  is aftaiaguus 
do  the  TM circular,  and  so  om 


diWicult  So  maintain  a  fl.ce^  dUrcttor.  of  polar¬ 
isation  in  long  rune  of  circular  guide  If  ir- 
regulariUj';;  occur  hi  She  cross  section.  The 
attonuatian  characteristic*  vary  in  a  similar 
manner  to  the*  oi  ihe  rectangular  guide.  For 

Table  8-24 — Special  2.8:3.  acctengular 
Waveguides 


Military 

oomsnclalare* 


In  U;  rival 
dimersiss® 
(la-5 


Operating 

ranjf* 

(Me) 


RG-S09/D  |  2.010  x  l.tOS  2600-5850 

RG- 110/0  1  1.373  x  C.-S67  5050-13,400 

*  Is  accordance  with  Navy  Rawing  RS  49A513. 


Ft  * 


*  5®i 


■m 


tiiAt  8-25—-Dlrr«--!tieu,  Tolerwccu,  sal  Frwysnsey  Rang*  for  Hijtd  Cireolw  WtYtgvidjci 


:  C/'  '*$ 
*  v&il 


'/rC'vf 

■■:-M  .-I 


at-:; 

A  ,„\.j 

'  .'Ot 


WC  25W- 

wc  aiTO— 

WC  1002— 
WC  1590— 
WC  1359— 
WC  11*1— 
WC  S91~ 
WC  647— 
WC  724- 
WC  818— 
WC  526— 
WC  401  — 
WC  335 — 
WC  329— 
WC  281  — 
WC  ?40~ 
WC  205- 
WC  175— 
WC  150- 
WC  123— 
WC  109- 
WC  84- 
WC  80— 
WC  69— 
WC  59- 
WC  50- 
WC  44  — 
WC  33  — 
WC  33— 
WC  24— 
WC  25— 
WC  22  ■ 
WC  19— 
WC  17- 
WC  14  — 
WC  13- 
WC  11  — 
WC  9- 


Fl'Cipxmry 

Fraqituttcy 

Kcai«*l 

rsxtgz  CsMc) 

ZD.  . 

OJX 

T£n  tf»oie 

(la.) 

{b>J 

0.60S-0.&40 

0.311-0.437 

25.508 

0.709-1.10 

0.305-0.500 

21.791 

02)30-1.29 

0.427-0.588 

18.616 

1.10-1.51 

0.500-0.635 
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an  equivalent  frequency  range,  the  'dtcmiatkia 
constant  Is  01  to  73  percent  of  rectangular 
waveguide  and  tbs  power  handling  capacity 
lo  about  110  percent  that  of  rectangular  wave¬ 
guide*  Jt  Is  pc  ,„Uilo  to  propagate  slroultawe- 
cufily  two  independent  waves  whose  dlrecttaa 
of  polarisation  are  ortbcgcm&l  in  a  single 
circular  guide.  This  property  can  be  put  to 
advantage  Ln  the  operation  of  microwave  com¬ 
munication  rclayg  because  a  single  trans- 
rntnelon  line  cno  be  uned  to  tho  receiver 
and  transmitter  antenna,  and  tn  certain  com¬ 
ponents  wtsOBe  operation  depend  a  on  directional 
polarization.  The  extent  of  mutual  coupling 
between  these  two  waves  dependa  on  tits 
degree  of  olllpticliy  of  the  cross  Lection, 
which  must  bo  carefully  controlled,  Pends 
amt  tranaittona  are  simpler  to  fabricate  Ln 
circular  guides  operating  In  the  TE ,,  mode 
than  In  the  TE0,  mode, 

Tlie  TEel  circular  mode  has  tlie  unique 
property  of  an  sttemutlon  constant  which  de¬ 


creases  continuously  with  increasing  fre¬ 
quency.  For  the  same  frequency  region  its 
mid-band  vtlou  la  13  to  10  percent  of 

that  of  a  s  octangular  guido  (Fig.  8-?, 9), 
The  TE  S1  mods  power- handling  capacity  ic 
approximately  Oilmen  greater  than  rectangular 
guide  and  circular  guide-  ln  tho  T5n  mode 
(Tablo  8-36).  For  tbs  name  frequency  cover¬ 
age,  the  diameter  of  tho  circular  waveguide 
in  tho  TE,j  modo  must  bo  kept  to  about  half 
of  that  of  the  TE„  mode  to  eliminate  the 
TEji  mode  which  is  very  difficult  to  cup- 
presa.  Because  or  the, sc  advantages,  operation 
in  tho  TEf,  modo  becomes  lucre anlngly  suit- 
able,  particularly  for  the  mill  line  ter  region 
where  size  end  dimensional  tolerance  become 
very  critical.  Since  (hero  ts  no  current  flow 
along  the  direction  of  tho  waveguide  axis, 
connectors,  rotary  Joints,  and  certain  meal* 
sbsorbers  are  extremely  simple  to  make. 
However,  airy  acymmetrlcal  dlotortiona  or 
mechanical  imperfections  !n  Uie  wavegutda 
tubing  create  o  hor  modes  which  do  not  dampen 
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FREQUENCY,  KILOMEGACYCLES 

Fig .  8-23.  Attenuation  oi  rectansulai'  and 
circular  waveguides  In  the  rallllmdsrr 
region. 

out  E3  quickly  an  in  tho  rectangular  guide. 
(Three  lovrar  order  modes,  TEu,  TM 01 ,  and 
TKS!j  nr«  possible;  the  TMU  mode  18  de¬ 
generate  with,  or  Identical  to,  the  TE;,  mode.) 
Inadequate  designs  for  clone  radius  bends  for 
any  arbitrary  angle  ctlll  present  a  major 
deterrent  to  the  usa  of  the  TZC,  mode.  (-57,48) 
For  very  long  lengthg,  however,  multimode 
opera!'  on  la  practical  because  a  Largo  per¬ 
centage  of  tho  energy  In  all  tho  modes  will 
eventually  E>o  coupled  back  to  tho  TE?i  mode. 
For  example,  an  oversize  copper  guide  can 
fro  used  which  affords  dissipative  losses  of  2 
db  per  mile  under  the  range  of  conditions 
$hown  in  Table  8  -27.  The  higher  frequency 
is  more  favorable  with  regard  to  Increased 
tranrnnMitslon  band  width,  reduced  delay  dis¬ 
tortion  and  lower  waveguide  cost.  (49) 

Ridged  Waveguide  a 

Ridged  waveguides  achieve  broad-hand 
transmission  by  tho  addition  of  a  symmetrical 
ridge  from  tire  center  uf  the  broad  faces  of 


a  rectangular  guide.  Either  a  single  or  a 
double  ridge  may  be  used,  with  configurations 
as  Town  in  Tables  8-23  awl  8-28.  The 
electrical  performance  of  both  types  is  very 
Giiallar,  but  double-ridged  waveguide  is  pre¬ 
ferred  for  long  trannroiseion  lines  since  the 
depth  of  ridge  is  roughly  half  that  of  a  single 
ridge.  This  makes  if  simpler  to  hold  toler¬ 
ances  on  the  ridge  and  to  fabricate  bends 
and  flexible  counterparts.  The  single-ridged 
waveguide  Is  more  practical  for  certain  com¬ 
ponents  and  transitions  to  coaxial  lines. 

Band  Width.  The  addition  of  the  ridge  lowers 
the  cutoff  frequency  of  lbs  fundamental  mode 
without  having  as  large  an  effect  on  the  higher 
modes.  There  is  a  wide  range  of  theoretical 
band  widths  possible  because  of  the  almost 
unlimited  number  of  geometric  combinations 
available.  The  optimum  ratio  of  ridge  to  wave¬ 
guide  width  (s/a)  varies  between  0.15  and 
0.35  for  single  ridge,  and  0.25  to  0.30  for 
double  ridge  for  band  widths  up  to  5.  (50)  For 
tide  s/a  ratio,  the  maximum  gap  height  will 
result  for  tho  desired  band  width,  and  the 
resultant  cross  section  will  generally  be  a 
compromise  between  tho  lowest  attenuation 
and  greatest  power  handling  capabilities.  The 
lowered  cutoff  frequency  also  permits  a  more 
compact  cross  section  rmd  a  lower  wavb 
impedance  structure.  (See  Fig.  8-30.) 

Single  -Rid go  Waveguide.  Two  types  of 
ridged  waveguiHes  Iwvo  Seen  used  and  aro 
bring  proponed  for  standardization.  The  first 
is  ol  the  single-ridge  construction  with  an 
extremely  broad  operating  frequency  range  of 
4:1  whoti?  characteristics  are  shown  in  Table 
8-2.3.  Tids  Increased  band  width  is  secured  at 
the  cost  of  Increased  attenuation  which  in  11.6 
times  as  great  aa  a  rectangular  waveguide 
with  the  same  nnd  espec:’  ratio.  'The  corners 
of  the  ridrro  ore  rounded  to  a  minimum  radius 
of  0.  Id  (seo  Table  fi-26)  to  prevent  electric 
breakdown  at  the  cornero.  Tbs  cw  power 
capacity  in  about  2  percent  that  os’  rectangular 
waveguide  bccaucc  the  breakdown  will  then 
occur  in  the  narrow  gap.  Tim  attenuation  and 
power  characteristics  are  fairly  constant  over 
the  entire  band  except  near  the  lower  fre¬ 
quencies  where  \f  tends  to  vary  rapidly  De¬ 
spite  these  limitations,  such  ridged  wave-guides 
and  their  aaoo.  .atrd  components  are  advan¬ 
tageous  111  urdvere.il  tost  equipment  sod  for 
Viide-band  microwave  receivers  cf  the  crystal 
vldro  typ*. 

Wh->.  compared  to  a  rigid  air  dielectric 
coaxial  lies?  of  optimum  impedance  for  mini¬ 
mum  attenuation  |93  ohms)  and  for  maximum 
power  capacity  (44  ohms),  tho  i  -  .god  Wave- 


Table  0-26 — Comparison  of  CW  Power  Capafc.  .  cl 
Circular  WaregakS# 


Table  0-27 — Charactt  rUSIcs  of  IsCulUracd* 
Circular  Waveguide  in  TE51  Mode 


guide  exhibits  better  pcrfc  sance  for  theo¬ 
retical  band  widths  d  abo:  £.0  and  3.0  re¬ 
spectively.  Figured  8-41  and  8-33  illustrate 
such  a  theoretical  ceaajs.rl.gcsi  with  a  stand- 
aid  50-ohro  ecuxl.nl  Us*-. 

Double-  ?ddg6  W.iYT-caldc.  Tt*®  second  class 
is  a  proposed  dWwble-mjod  wsveguldo  with  & 
moderate  operating  bssKt  width  oi  about  3-4:1 
whoeo  characteristics  are  shown  Jr.  Table 
8-211  By  reducing  tit®  hand  width,  the  attenua¬ 
tion  and  power  capabilities  aro  Improved 
considerably  and  ara  taoro  compatible  with 
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Fig.  8-31.  Attenuation  ol  rldgsd  waveguide,  optimum  50-obj.j  coroilaS 
lino,  and  rectangular  waveguides. 


current  broad-band  oscillators  and  amplifiers. 
Llttls  data  are  available  on  thes-s  types  'on- 
caui'8  design  criteria  end  final  dimensions 
have  been  established  nor  have  any  of 
these  exact  ridged  waveguides  been  manu¬ 
factured  In  quantity  to  date.  However-  a  very 
similar  double-ridged  waveguide  has  been 
adopted  by  Aeronautical  Radio,  Inc,,  for  com¬ 
mon  cal  weather  penetration  radar  to  permit 
operations  at  cither  the  5400  jr  9300  Me  trend. 
(51)  Constructional  details  of  this  waveguide 
a also  included  In  Table  3-29  and  measured 
characteristics  arc  shown  in  Table  8  -30.  These 
initial  values  are  roughly  2-1/3  tiroes  theo¬ 
retical  for  2-S  aluminum  which  has  been 
attributed  to  higher  surface  roughness  around 
the  ridge  than  would  normally  be  expected. 

In  general,  materials,  flnWroe,  construction 
techniques,  tolerances,  and  croon, are basically 
the  same  for  rldgtxl  waveguides  as  fox-  the 
rectangular  waveguides  previously  discussed. 
Tolerance  on  the  gap  distance  (d?  Is  par¬ 
ticularly  critical.  Tho  connectors  used  sro  of 
the  contact  type  only,  bul  otherwise  are  very 
Blmilar  to  those  for  tho  rerUiiigulor  wave¬ 
guide.  Flexible  ridged  waveguUh-a  Si'S  uIeo 
avnllxtblo  in  certain  slsss  Vv’Uh  moderate  ridge 
protrusions. 


Flexible  Waveguides  ~ 

Flexible  waveguides  are  used  to  cupplemetoi 
rigid  rectangular  or  circular  tmvegttldoa  si 
certain  strategic  points  in  a  transmission  lira 
system.  They  are  uoed  to:  (1)  coaaset  sections 
which  would  require  complex  brads  and  twiata, 
(2)  provide  espineiosi  mid  contraction  joints 
In  Jong  linos,  (3)  reduce  tho  irnnsraltted  shock 
and  vibration  to  Benfiltivo  devices  such  as 
magnetrons,  (4)  connect  antennas  that  cod, 
tilt,  or  rotate  less  them  a  complete  revolution, 
and  (5)  provide  flexible  loads  for  test  e<juir  ■ 
mont  or  (6)  ovorcoroo  difficult  installation, 
problems.  They  arc  seldom  required  In  loc.3 
lengthn  ami  arc  -uitoruarily  procured  In  fin¬ 
ish  ed  assemblies  with  attached  ilaages,  Spe¬ 
cial  flauges  and  attachment  technique 0  sro 
required  for  each  typo  of  floxlbla  waveguide, 
together  with  molded  rubber  jackets  which 
normally  cannot  ba  applied  by  the  user.  A 
general  performance  specification,  MI/.-W- 
287,  “Waveguide  Assemblies,  Flexible/’  is 
available,  bin  It  does  not  onto  tnp  ana  dotnllcx* 
requirements  for  the  groat  majority  of  ty pen 
currently  Lu  use, 

Consiructlon.  Flexible  waveguides  may  Is® 
classed  ss  either  resonant  ob  noare  consult 
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Fig.  8-31.  Attenuation  of  ridged  waveguide,  optimum  5-0-ssJjja  coastal 
line,  and  rectangular  waveguides. 


curr-ont  breed-band  oscillator,!  and  amplifiers. 
Littlo  data  are  available  oa  Umbo  types  be¬ 
cause  design  criteria  and  final  ditu'.nfiiong 
have  not  been  established  nor  have  any  of 
the ea  tract  ridged  waveguides  boon  manu¬ 
factured  in  quantity  to  date.  Hcwsvi  r,  a  very 
similar  doublo-rldged  v/avegulda  ha  a  boon 
edopted  by  Aeronautical  Radio,  Inc  ,  for  com- 
metical  westh-er  penetration  rad?  r  to  permit 
operations  at  either  the  5400  or  PJCO  Me  band./ 
(51)  Constructional  details  of  thi*!  waveguide 
are  aleo  included  in  Table  8-29  and  measured 
characteristics  aro  nhov/n  in  Table  8-30.  Thoe-a 
initial  valeoo  are  roughly  3-1/2  timoe  thee- 
relicai  for  2-3  aluminum  which  has  boon 
attributed  to  higher  .surface  roughness  around 
the  ridge  than  would  normally  bo  expected, 

la  general,  materials,  flniohen,  construction 
techniques,  iolevancoe,  and  soon,  are  basically 
the  same  for  ridged  waveguides  as  for  tho 
rectangular  ••'aveguideo  prevlouuly  dlecuaecd, 
Tolerance  on  the  gap  distance  (d)  lo  par¬ 
ticularly  critical.  The  connectors  used  are  of 
the  contact  type-  only,  but  otherwise  aro  very 
similar  to  those  for  the  rectangular  wave¬ 
guide.  Flexible  ridged  waveguides  aro  also 
available  In  certain  si  no  a  with  nH'^reto  ridge 
prctri’nlc-na. 


iPTssdble  Waveguides) 

Fioxlble  wsvoguidas  are  used  te  osgjQttesaenS 
rfrfij  rectangular  or  circular  wavegnkles  sS 
C’O  stain  strategic  polo  in  in  a  tranamiss&oa  lias 
cysts m.  They  are  need  to:  (1)  counsel  sections 
rjftlch  would  require  complex  bends  s.nd twist**, 
(?.}  provide  aspen  sion  and  contract,  joints 
to  fong  linos,  (S)  reduce  the  transmitted  shoeSt 
end  vibration  to  senoitivo  devices  ascii  as 
raagno Irons,  (4)  connect  antennas  that  nod, 
tilt,  or  rotate  loe-g  than  a  complete  revoiutksa, 
and  (5)  provide  flexible  loads  gor  test  equlp- 
sc-siit  or  (0)  ovcrcotno  difficult  in  stalls  bixa 
problems.  Thoy  are  soldo®  required  In  long 
iesrglhe  and  are  customarily  procured  lu  fia- 
ix&od  assemblies  with  attached  flanges.  Spe¬ 
cial  flanges  and  aitr,  orient  techniques  are 
required  for  each  typo  of  flexible  waveguide., 
together  with  molded  rubber  jacket*;  which 
normally  cannot  bo  applied  by  tha  coer.  A 
(tenoral  performance  specification,  -MLL-V7- 
287,  “  Waveguide  Assemblies,  Flexible,”  is 
available,  but  it  dooa  not  encompass  detailed 
scrrulromentH  for  tho  great  majority  of  types 
currently  in  uca. 

Conct ruction.  Flexible  waveguides  rosy  ba 
classed  as  either  ro sonant  or  coarcsoaaat 
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Fig.  8-32.  Pongs’  HixlHeg  capacity  of  ridged 
wavc-gulds,  50-ohm  coaxial  lino,  n,>-.-3  rectangu¬ 
lar  V7avegu!cl3. 

typsa,  Tho  RoursEonact  fypau  aro  ,'abrfeated 
from  spiral  wraps  (intmlocked,  soldered  con¬ 
volute,  uneoldored  convolute)  or  from  th in¬ 
wall  tubing  (seamless  corrugaiod  os1  null- 
point  aenm).  The  resonant  types  consist  of  the 
bellows  or  vertebra  construction.  Tho  nig- 
atticant  featurec  of  each  of  theee  constructions 
are  Indicated  beiow  and  shown  in  the  cutaway 
sections  of  Fig,  8-33, 

1.  Interlocked.  Thin  waveguide  to  made  by 
spirally  winding  f:  thin,  formed,  ollvar-coated 
bronze  strip  about  an  arbor,  folding  in  ana 
interlocking  tho  edges  tightly  to  produce  a 
fieslMo  rectangular  tubing  whlrh  has  good 
electrical  contact  between  convolution?-  This 
typs  of  waveguide  fleKca  by  virtue  of  a  eliding 
motion  v/hlch  takes  place  betv/ocn  convolutions 
aa  it  to  stretched,  compressed,  bent,  or 
irdfrtcd.  Tii©  formed  waveguide  io  cut  to 
proper  lengths  and  coru.-ccioro  are  told e red 
on.  A  rubber  jacket,  molded  over  the  nurface 
cf  the  entire  assembly,  provides  preoisurtoa- 
tion  features,  offero  conelderablo  protection 
to  the  roetai  tubing,  and  increases  the  as- 
cembly  life  for  repeated  floxingB.  For  special 
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Pen  it  power  [2  5  microsecond 

i .  501)  In  at  MOO  Me 

pujflc  af.  400  pul ge*/ second) 

1.280  to  n!  9375  Me 

AUoriuatUm,  db/(t 

0.047  st  MOO  Me 

0.:M3  at  9375  Me 

applications  a  ssnja sfeetod  version  @1  Mo 
waveguide  -can  &£nsE"?l,_I3sls  type  5s 
ticulariy  useful  to  IcagJho  fro4  about  6  Snciieo 
to  4  feet,  It  is  reiativelf  (frequency  toeeasMtea 
and  has  a  VSWS  betas  2,85  dvei?  -the  eaSlire 
frequency  band.  U  tea  an  aftonwattaa  sfesl 
twice  that  of  rigid'cHlvcF  fehfag, 

2,  golds  red  jiiyolisSe&  TfoiE  vmvegm&s  Jo 
constructed  by  winding  i  very  thin  metal 
strip  spirally  on  a  reetaagolar  form.  Adjaceril 
tarna  arc  crimped  a  sEsall  amount  and  tSss 
cr leaped  edges  are  gc£&  eslsSsred.  When  this 
waveguide  is  flexed  there  Jo  m  sliding  of  ad¬ 
jacent  fume,  but  a  flexing  of  each  individual 
tarn.  After  winding,  the  febieg  is  cut  to  too 
required  length,  cosaccton?  are  farfened  mS 
a  rubber  jacket  molded  ac-jasd  it.  This  wave¬ 
guide  is  more  f’esiKa  'imua  the  interlocked 
waveguide  and  con  fee  compressed  pad  ok- 
tended  to  a  greats#  Forever,  it  is 

more  fragile  Jtod  a-wit  be  tested  So  any 
degree, 

o,  Unsoldered  coavoScled-  This  tyjst?  o if 
construction  io  eimiiSFlSIRo  soldered  con¬ 
voluted  typo  except  Sisal  the  crimped  edges 
ore  not  soldered.  This  waveguide  cannot  fee 
bent  ao  ah.irpiy  aa  tiro  soldered  variety,  but 
can  be  hvtoted,  The  electrical  characteristics 
arc  similar  to  the  interlocked  and  soldered 
convoluted  types. 

4.  Scarnleas  corrugated!.  Thin  typo  io  eon- 
at  rue  ted  by  eonvoluito.j  thia-wcU,  seamless, 
rectangular  metal  Mrfog,  K  la  fabricated 
from  coft  annealed  copper  for  use  as  shock 
absorbing  coupi.nga  to  fragile  component, 
to  magnetrons,  for  example.  »t  is  aloo  ma&j 
from  brxm ve  tubing  w5i aa  “springy”  variety 
le  desired.  It  can  bo  ofefaiaed  wish  or  without 
a  rubber  jacket  This  type  will  stretch,  com¬ 
press,  and  bend  more  than  interlocked  or 
convoluted  types  btvt  cascoi  stand  any  twisting. 
Tho  electrical  properties  are  <jootL  If  Id 
usually  supplied  in  efaori  ructions  only.  A 
variation  of  thio  type  is  manufactured  to  to- 
RG-48  end  52/ U  waveguide  elzea.  It  is  formed 
from  two  U-shaped  halves  ol  olive  rplatsaf 
beryllium  eopsxir,  soldered  along  the  midpoint 
of  too  narrow  walls.  It  caa withstand  relatively 
sha-p  be  tide  but  negligible  twist  and  ex¬ 
tension  or  eompreaslf  x  tta life  under  repeated 
nexlng  can  bo  greatly  improved  by  annealing 
the  beryl*  ium  eoppar  to  the  desired  direct! oa 
of  bend,  prior  to  molding  of  toe  rubber  jacket 

3-  Null-point  seam  or  aalal  eem  Thin  type 
in  constructed  ci  a  eom$gate<r  idvo-et  foidfd 
to  form  a  rectangular  tnbo  with  annular 
cavities  or  bellows.  lb*  lap  seam  is  located 
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Fig.  S-33.  Flis/tiMa  waveguide  eoof>2n'.stf©c-3. 


in  the  center  o i  tea  larger  eroBa-socttonal  Bellows.  The  flexible  eectlccse  ©essScJ 

dlmanaion  and  io  offset  to  provide  a  smooth  of  radial  efeo&es  usado  of  a  flesi^e  alffio^ 

inside  contour,  Tho-tublng  io  either  bimetallic  forming  a  bellows.  Between  radlsJ  sfcaJtos 

(silver  inner  Saco  brassed  or  welded  on  *  there  le  s  partitioa  containing  a  rccteagrfav 

high  fatigue  resistance  alloy  base)  or  silver-  hole  having  ttes  dUnenoiona  ot  tea  toJds  &S 

plated  bronze.  Tho  electrical  properties  are  8»«  waveguide.  Any  number  of  tbees  ixsdJeaa 

so  good  ae  any  of  Us:?  other  flexible  v/nve-  caa  be  /stacked  together  to  make  a  ffiosdfelo 

guides.  It  io  available  In  all  .  jngthe  and  coo  wsveguldou  This  typo  Is  quite  fl.eai3r.Js  bus 

be  obtained  with  or  without  a  rubber  jacket  eacnot  be  twisted.  Sesomascea,  wlr'icSi  etsiea 

.  largo  Eiiamatchos,  exist  tor  eores  «si5tool 

6.  Vertebra.  This  type  consists  of  a  number  frequencies  whan  the  waveguide  ts  BsaS  ot 

of  open  choice-cover  joints*  held  in  alignment  stretched  from  it®  normal  politics, 

and  properly  spaced  by  a  rubber  jacket 

Adjacent  Junctions  are  spaced  approximately  Electrical  Characteristics.  The  Intereol  dS~ 

1/4  wave  jth  apart  cod  generally  on  ovon  monsions  of  the  nonreeosant  types  d  Ksdblo 

number  of  such  junctions  is  employed,  which  waveguides  approximate  thoeo  of  @o  rtgM 

makes  possible  the  cancellation  of  reflections  waveguide  with  which  they  ar®  itstes&td  to 

from  all  junctions,  thereby  keeping  the  over-  mate.  Although  come  adjustments  raot  fee 

all  VSWR  ora  all.  For  pressurized  applications,  made  for  tho  Irregular  contours,  the  gesaecas 

JiML  -rubbtar-jackct-ia-cogorod  -with-  a -metal--  -ooraor  radii  required,  and  the  wall  ceavoJu- 
armor.  The  armor  reduces  the  flexibility  but  lions,  a  good  .Impedance  mutch  w£ih  rigid 

acts  as  an  y-.f  shield  This  wavogulda  is  used  waveguides  can  generally  be  schJevcsI  Boats 

in  short  sections;  (up  to  13  ircheo)  ao  it  ie  rcfluctioao  are  introduced  at  the  ©asglisga, 

bulky  and  heavy.  I'i  cars  bo  extended,  com-  but  the  VSWR  of  a  relaxed  complete  assembly 

prosBed,  bent  in  both  E  and  H  planes,  sheared  ten  generally  be  kept  below  1.05  erer  tho 

in  either  piano,  or  tvrioted  axially  at  low  cntl.ro  waveguide  band  width.  The  VISITS  will 

rates  of  speed  The  static  electrical  char-  increase  somewhat  as  the  extremes  el  gwlst- 

acteriatlca  are  maintained  under  moist  con-  lug,  shearing,  bending,  or  oxtensfera  of  tha 

dltions  of  mechanical  deformation.  This  wave-  flexible  elements  are  approached,  ils  would 

guide  has  mors  degrees  of  mechanical  freedom  bo  expected,  the  attenuation  Is  cc^r&SaSEbty 

than  any  existing  -oravegutda.  higher  man  that  of  ite  rigid  waveguide tccacco 

.  _ „  the  corrugations  inereaee  the  losgfSslinal 

♦CboiiB-cowy  join**  wUl  ba  u-tcuo-rd  fusllKr  conductivity  path  by  two  or  three  ite'is.  The 
itEJcr  waveguide  c:v*piii%s.  power  capability  of  flexible  wavegQfcds  io  at 
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least  equal  to,  sM  te  some  cases  eseevdg, 
Hiat  of  rigid  waveguide  although  data  atm 
very  limited,  Typical  characteristic®  m  toe 
soldered  convolute;  type  are  ehowa  in  Tsfoi© 
®“S1,  and  comparable  data  on  ®6b&K  tyr^s  am 
eonfafaed  to  Reference  gg. 

Resonant  types  are  much  egos’®  1*0 stricter 
with  regard  to  band  width  and  power  capability. 
The  vertebra  type  1b  the  most  versatile 
rnaehaaicallys  and  has  been  used  widely  is 
medium  and  small  sizes  (RG-48  through  53/13). 
Band-width  limltatiom?  have,  beer  overcome 
oa  more  recent  designs.  {53}  A  VSWK  of  1AU 
or  less  is  possible  over  a  40-percent  fre¬ 
quency  band  for  tbs  vertebra  waveguide  to  fee 
r@to.ued  position.  Some  typical  values  of  Aiet- 
{jlacement  which  can  ba  tolerated  without 
oignlficant  increase  .of  the  VSWR  arte 


Equivalent 

waveguide 

mzs 

"  - 

Extension 

{to.} 

E  or  K  plans 
shear 
(to.) 

Angular'  | 
rot alS«o  j 
■idegr)  | 

HG-4S/U 

O.6C0 

0.600 

21  I 

RG-48/U 

0.411 

0.411 

2S  | 

RG-S2/U 

0.2C0 

0.203 

- 

33  | 

The  M&&WO  types  hava  has®  uoed  psitaarily 
tor  narrow-band  operation  (8  percent)  ai;i 
fiseir  cowar  level  is  limited  by  the  breakdown 
which  occurs  across  tfea  rectangular  openings 
between  the  sections.  They  ©r@  difficult  to 
rsamsfaetam,  ar®  used  is  chart  sections,.  #e& 
faneraily  ass  limited  to  internal  application©,, 

Thera  tut  m  nnivarsally  applicable  flajdMte 
waveguide  but  certain  eoastructionB  are  mors 
suitable  for  specific  types  of  loading  so  shows 
to  Table  3-3H  However,  the  properties  cS 
flexible  wave-guidec  vary  widely  according  to 
tbs  metal  employed,  Ito  thic&neso  and  temper, 
s®  well  an  wills  the  composition  and  contour  0 3 
t»@  protective  jacket.  Jk  critical  applications 
the  manufacturers  should  be  consulted  for 
SiMilr  recommendctlen*-. 


(Jnjacketed  flexible  waveguides  dsould  mi 
he  used  to  lo»..,'toss  where  sustained  eaposuitj 
to  moisture,  :  ".It  cpray,  or  atoilar  atoms- 
pfeerie  contaaitosnto  will  corrode  the  metallic 
joints.  Neoproafj  or  natural  rubber  jackets 
verve  to  protect  the  seamo  and  improve  that? 
overall  flexibility.  The  jacket  compound  aueJ. 


'ftsbla  8-3i«~  Properties  of  SobfeansS  Convolute  PJtiSfeSa  XGjsveguhfes 


talons 

a.) 

Mfojrmim  bending  radt! 

(la.) 

BqthvsScsX 

rectangular 

Weight 
(lb/I  t) 

r  - 

jJoiBlnal 
attemtatioa 
(fij/100  It) 

Nominal 

power 

rating 

(Kw) 

Maximum 

operating 

pressure 

(psi) 

Dime 

“ 

Stnmtanl 

scolded 

siacembly 

Un- 

Jnckoted 

O! 

apodal 

molded 

ssecmbly 

rn 

Outside 

H  plana 
%  plana 

H  plane 

E  plane 

8.?00 

S.S60 

Vi 

17 

RG-U2/C 

2.80 

0.50 

19 

15 

x  3.250 

x  3.410 

IS 

8-1/2 

4.300 

4.4UO 

IS 

11-1/2 

RG-i04/t? 

1.46 

0/3 

8.0 

SO 

x  2.150 

x  2.310 

a 

9-3/4 

2.040 

3.000 

14 

9 

R6-48/13 

0.630 

1.3 

2.0 

S3 

x  3.340 

x  1.500 

7 

<1/2 

i.sn 

2.000 

s 

SG-4*/b 

0.332 

3.0 

1.0 

£43 

x  0.832 

x  1.000 

4 

2-s  n 

1.372 

1.500 

5 

3-1/4 

RG-50/t? 

0.288 

O 

0.50 

SO 

X  0.G22 

0.750 

24/2 

1  -5/0 

1.122 

1.250 

3-1/2 

2-1/4 

RG-51,/3 

0.230 

5.7 

O.c.3 

43 

x  0.497 

x  0.025 

1  -S/4 

1-i/D 

0.900 

1.000 

3 

S 

RG-52/D 

0.1 12 

9.0 

0.35 

G0 

x  0.400 

x  0.500 

1-1/2 

5 

0.622 

0.702 

S 

8 

RG-91/3 

0,035 

15.0 

0.20 

CO 

x  0.311 

x  0.391 

1-1/S 

1 

0.420 

0.500 

2-1/2 

1-1/2 

170  53/' 

0.05® 

20.0 

0.10 

CO 

x  0.170 

x  0.250 

1-5/4 

3/4 

0.280 

0.330 

2-1/2 

1  -1/2 

HG-SSAJ 

0.03S 

S3. 8 

0.C3 

0 

x  0.140 

x  0.220 

1-1/4 

3/4 

: 
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Table  8-32 — Mechanical  Propertteo  of  Flexible  Wavagufetee. 


1  Typo  at 

flexible 
|  waveguide 

Bend( 

Twist 

Longitudinal  j 

Relatively 

sharp 

Moderately 

sharp 

Appreciable 

Negligible 

Relatively 

large 

EeSatlveiy 

small 

j  Non  resonant 

J  types 

Static  defortantioa 

j  Interlocked 

X 

r  a 

K 

j  Unaoldered 
[  ccavolute 

K 

8 

— - - — - — 

% 

j  Soldered 
|  convolute 

X 

2 

j  Null -point  seam 

s 

2 

S 

I  Seamless 

corrugated 

. 

2 

51 

J  Resonant  types 

I  Vertebra 

« 

8 

i  75 

j 

]  Bellows 

L  .  25 

1  :i 

J 

1  Nenrosonazi 
'  types 

Repeated  deformation  | 

!  Inter  locked 

% 

8 

i 

55 

Unsoldered 

convolute 

% 

, 

■ 

. 

n 

j  Soldered 

1  convolute 

% 

n 

% 

Null -point  seam 

% 

u 

k 

Seamless 
corni  gated 

s 

» 

s 

Reoonant  typea 

o 

1  Vertebra 

* 

. 

K 

5i 

j  Bcllov/G  j  X 

VA 

ii 

resist  embrittlement  and  eventual  cradktog 
•aider  the  deleterious  agoing  affects  of  eon- 
light  and  elevated  temperatures. 

Waveguide  Couplings 

Waveguide  couplings  can  be  grouped  into 
two  general  classes:  contact  couplings  and 
cbofco  couplings.  A  coniact  coupling  conulats  of 
two  flra’igeo,  each  soldered,  welded,  or  b rased 
to  the  end  of  the  waveguide,  and  bolted  to¬ 
gether  as  shown  In  Fig.  8-34.  The  waveguides 
tubing  generally  extends  through  the  flange  and 
is  machined  flush  with  it  after  assembly.  The 
flange  faces  muat  bs  clean,  free  from  cor¬ 
rosion,  and  accurately  machined  to  assure 
tnflmuto  contact  around  the  Inner  parlphery  of 
the  waveguide  opening  when  the  coupling  is 
assembled.  Reflections  from  a  new,  wall- 
made  coupling  can  be  kept  below  a  VSWRof 
1.01.  However,  tide  performance  deteriorates 


rapidly  In  lbs  presence  of  any  corrosion 
product  or  mechanical  irregularities  oa  the 
mating  facos  an  would  normally  bo  encoun¬ 
tered  In  military  uoago.  A  thin  spring-finjar 
metal  gasket  wa§  devised  to  fit  between  tits 
flanges  and  n  nouns  contact  at  tho  Inaido 
pariphery.  A  reduct  kin  and  uniformity  of  V8WR 
lo  achieved  as  shown  In  Fig.  8-35,  but  the 
coupling  la  no-t  preeeurizahlo  and  lo  limited 
to  Internal  ugs.  Effective  operation  of  tho 
opring  ftngora  dspsndo  upon  very  good,  align¬ 
ment  of  tho  fingers  and  present  frauds  arc 
away  from  their  use. 

Flange  a.  Tho  outside  shape  of  a  contact 
flango  varies  with  waveguide  oiza.  in  tho 
very  small  eizca,  from  RG-97  to  99/U,  a 
circular  flange  lo  used  with  four  cpcclal 
captive  ccrewg  and  two  pine  for  alignmont 
purposes.  Square  flanges  with  drilled  holes 
at  the  four  comers  are  need  from  Iho  IlG-61/l.f 
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TYPICAL  CHOKE  COUPLING 


TYPICAL  CONTACT  COUPUf-3® 
fig.  8-34.  Wn-vogaldci  coupling*'. 


to  find  including  the  RO-03/U  olsec,  vvliidi 
alco  carve  ns  cover flanges  in ncfeolio  coupling 
For  larger  Risen  the  contact  flanges  are 
rectangular,  with  provisions  lor  sealing  gas¬ 
kets.  A  new  series  of  precision  miniature 
unprenuurlted  contact  flanges  In  the  size  range 
of  WRPO  (RG-52/U)  to  V/E204  (RG-40/tl) 

has  been  recently  established  under  El  A 
Standard  RS-1S8.  These  are  intended  for 
Internal  equipment  Interconnections  where  me¬ 
chanical  stresses  on  the  couplings  are  light 
The  VfTtVR  oi  a  coupling  can  bo  kept  as  low 
an  1.003  by  She  uao  of  special  drilling  Jig? 
;Oicr  tho  flange  blank  has  bec-a  assembled  f r> 
tho  wnvegulde. 

O-'ke  Coupling.  Tho  choke  coupling  is 
MWi^THimpir  to  assemble  aa  it  to  not 
necessary  for  tho  flange  faros  to  make  contact 
at  tho  waveguldo  antic  (Fig,  3-3-1).  At  tho 


junctloa  a  eerioe  forsnchlng  hail-wsve  irans- 
mission  lino  Is  Introduced.  It  presents  a  sero 
impedance  to  fe>  main  lino.  The  outer  qua rte  r- 
wavelength  section  is  usually  In  tho  form  of  a 
complete  circular  groove  for  simplicity  of 
manufacture.  Tho  V8WR  of  a  broadband  choke 
coupling  can  bo  kept  to  1.02  over  the  frs- 
cjuen-'y  ranee  ef  Or®  guide.  Tn»  V8WR  la  un¬ 
affected  by  surface  condition  and  moderate 
misalignment  In  tho  K  piano  or  H  pliuie, 
although  angular  misalignment  should  be 
avoided.  For  example,  a  linear  misalignment 
oi  0.020  Iwfe  can  bo  tolerated  in  eitho? 
direction  for  tins  RG-K/IJ  (1  by  1/2  inch) 
v/aveguido.  Resonances,  eharp  corners,  or 
foreign  particles  in  the  choke  groove,  will 
introduce  high  local  voltage  eiresesa  suffi- 
ciant  to  cause  breakdown.  Tills  difficulty  is 
particularly  troubloconss  in  ths  presence  a? 
any  higher  ke.nuc.uicc,  that  is,  for  tho  &ecoad 
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FREQUENCY,  SillOMEGACYLES 


Fig.  8-35.  WOT  ter-  various  wavegul«J«  ccr.gsMssgo  ter  3G-SS/0 
waveguido- 


Smrmonie,  8  possible  modes  eac  exist;  and 
for  the  third  harmonic,  23  mc&m  efo  possible 
ip  the  waveguide.  The  choke  c  action  can 
resonatp  with  ono  or  more  of  thasa  smdas,  or 
the  phase  of  several  of  theca  BiandlBg  waves 
can  bo  additive  to  produce  a  high  local  field 
strength,  For  high  power  application,  the 
section  of  the  choke  groove  which  subtends  tlio 
narrow  face  of  tho  roctangulos-  gvilda  should  be 
omitted  os-  filled  (slugged)  to  reduce  higher 
mode  excitations. 

Choke  couplings  ar®  practical  over  tbs  wave- 
pd.de  sbso  range  from  I1G-4S  to  fl/tt.  Square 
flanges  are  preferred  in  the  omailes-elzee,  and 
circular  flanges  in  tiro  larger  riises  to  con- 
oervo  space  and  vraight.  Choke  flashes  are  not 
practical  for  the  small  waveguides  need  in  the 
millimeter  region  duo  io  the  er:rem@  dimen¬ 
sional  tolerances  required  ihe  choke  section 
Mid  for  the  proper  alignment  ofi  flanges.  All 
choke  flanges  contain  an  O-rlng  gasket  groove 
to  provide  a  waterproof  ardpreagurlssblc  bs&I 
when  mated  with  a  cxver  flange. °  Most  of  the 
standard  ooctiona  ouch  as  bends,  camera, 
twists,  and  motional  joints  are  provided  with 
a  choka  Hangs  on  one  end  snd  a  coves'  flange 
oh  the  other. 

Requirements  for  military  llaogoa  are  con¬ 
tained  in  Specification.  MIL-F-3C2J5  “Flanges 
arid  Associated  JFitUogs  for  Rectangular  Wave- 

°  A  cover  flange  t®  a  contact  ft3»"er  which  io  da- 
elgned  speciftrply  to  mate  with  *  c fcofce  flange. 
T-./o  cover  flangas  will  provide  air  uopra«o<irUcd 
contact  coupling,  but  eoi  nccoesarljy  of  She  oilui- 
sautu  olee  or  optimum  perfonasr  e-a. 


guide  Ceispllngo,”  and°datbllad  on  the  EUllbuy 
Standards  (MS)  sheets  sufoaidinry  thereto.. 
Table  8-33  gives  a  listing  c£  tiia  preforrad 
flanges  recommended  for  military  uspje, 

ttpacifieatiofts 

Tr.blo  8-S4  gives  a  brief  summary  cl  the 
contents  of  stove rai  of  tiro  raiUtnry  specifi¬ 
cations  covorlng  waveguides,  flanges,  csnnj- 
lings,  awl  F-'hor  fittings, 

EFFECTS  OF  ENVIRONMENT  ON 
TRANSMIS&fOiM  LINES  At®  WAVEGUIDES 

Tfee  effects  0?  environment  on  r-f  Un&o  and 
wave-guides,  00  La  ail  components,  are  di¬ 
rectly  related  to  tbs  materials  uoed  in  their 
coaotruction.  Those  items  employ  compara- 
tivoly  few  typeo  of  matarials,  and  they  havo 
been  mado  tiro  subject  oi'  careful  study  and 
improvement.  Tbs  Information  that  follows 
attempts  to  point  out  some  of  the  ovorail 
caiisos  o i  deterioration  of  performance,  and 
suggested  remedies  where  possible. 

Temperature 

Temperate  re  effects  fall  Info  two  caiogo- 
rieit:  changes  in  performance  and  long-time 
deterioration.  Too  most  apparent  change  will 
be  the  variation  in  attenuation  values  ao  tho 
reointlvity  of  the  conductors  incs-oaoes  or  A'J- 
croSLBca  proportionally  with  temperature.  Tha 
temperature  coefficient  ef  realstiv.’ '7  varies 
with  each  material,  being  syproxlmataly  0,1 
percent  par  degree  C  for  copper,  The  per- 
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Choki 

UG-441/0 
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Cover 
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Cover 
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UG-40A/U 

Cover" 
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Cover 
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Cover 
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Alumirama 

RG-m/o 

MSSOOSfl 

f:3S£C054 

C'-Oris 

00-599/0 

UG-600/1J 
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MS30057 

M6C0055 
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OG-335/0* 
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RG-87/0 

RC— 08/0 
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*  T'.vo  icirilent  flashes  in-  t  be  uoeri  for  a  contact  Junction,  to  a  prcsiiurtocd  JuiKtton, 
cos  surplus  gis&ct  to  need  ns  a  npara. 

f  Flange-si  are  eUrcr-plated  altor  asse-raWy  vfcan  need  with  oilv*r  travegulCjK. 


raltflv lty  and  dlaslpattoo  factor  of  the  dielec¬ 
tric  material  are  comparatively  conatani  ovor 
its  useful  femporstiiro  rasrgo.  Hence,,  iho 
electrical  parametero  of  tlio  lina,  other  than 
attenuation,  are  virtually  independent  of  tern- 


paraturo  fluctuations  for  oSsort  periods  of 
litre. 

Hitch  more  troubleoomo  are  the  effects  of 
repealed  cycling  over  wrklo  temperature  es- 
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Tatla  $-34— Uaweguidec  and  1/lKMscg 


Number  and  title 

13M«r-8SC,  Tubing.  Wave¬ 
guide;  Seamless,  Rectangular.*5 

©enaraS  cycsJSf-saSJoa  for  a® 
sizes  cl  rcxta^alar  wave- 
giddos  aed  oaScrlsls  asod 
therein. 

tlBl-W-207,  ‘‘Waveguide  Acaem- 
Mt©«  Flexible,  General 
Specification.** 

Eatobtiohso  general  test  ps-o- 
cetfcres  and  incorporates 
dstail  jreqisiiemont*  for  ono 
size  and  typo  oi  waveguide. 

1311-F-3622  “Flanges  and 
Associated  Fittings  for 
Rectangular  Waveguide 
Couplings. " 

General  epacifScattoa  tor  all  . 
iyc.cs  of  finrgea  tveept  for 
the  miniaturo  tEpressurised 
type. 

j  ML-W-lSBSflfShips),  "Wave¬ 
guides  RG-184A1." 

Eslnhiloheo  re.ynifecoents  for  a 
thln-rmll  version  of  the  RG-S3 
wavegulds. 

trosssao,  due  to  the  large  difference  in  thermal 
expansion  rates  Ibeiv/esn  the  metala  and  S;ho 
thermoplastic  tsateriala,  particularly  for 
solid  dielectric  cables.  At  elevated  tempo ra- 
tares  die  dieloetoc  to  reoiralned  radially, 
and  imdergosG  &a  Irravos'aiblo  cold  .flow  la 
the  axial  direction.  Any  residual  procsss 
strains  also  tend  to  be  relieved  at  the  higher 
temperature,  contributing  to  dimensional 
chaugoa  When  the  temperature  la  eubsa- 
queatly  reduced,  a  looiro  mechanical  fit  can 
occur  and  markedly  reduce  tho  corona  limit, 
acid  change  the  characteristic  impedance 
slightly.  This  affect  is  eves  more  pronounced 
In  a  cable  as  tho  lino  braid  wires  can  bo  ex¬ 
pended  beyond  their  elastic  limit.  If  the  outer 
coverings,  ouch  as  a  glass  fiber  or  steel 
braid,  exart  greater  constraint,  the  longitudi¬ 
nal  expansion  may  bo  sufficient  in  abort 
lengths  of  Teflon  and  iong  lengths  of  poly¬ 
ethylene  dielectric  cables  to  caue-a  connectors 
to  malfunction  or  oven  become  dislodged. 
Hecomnj ended  upper  temperature  limits  for 
Eolid  dielectric  cabloa  should  be  carefully 
obe-erved  to  minimize  ouch  plastic  flow  which 
!o  greatly  increased  near  the  softening  point 
In  long  runs  of  rigid  coaxial  lines  or  wave¬ 
guide;;,  provision  should  ba  made  for  a  sliding 
or  flexible  section  to  compensate  for  longitu¬ 
dinal  expansion  and  coufraettoa. 

F  'turat  chemical  changes  are  also  greatly 
accelerated  when  tho  materials  arc  main¬ 
tained  at  an  elevated  temperature.  Metallic 
surfaces  combine  more  readily  at  htgh  tem¬ 
peratures  with  ataoephorlc  gases  and  vola¬ 
tiles  glvc-a  off  from  tha  surrounding  organic 
materials  (for  exam  pi  o,  sulphur  from  rubber 
or  chlorine  from  polyvinyl  chloride).  Silver 
pltdii’gfl  on  wire  have  been  found  to  go  Into 


solid  coition  with  coppsr  after  oustalned  c si- 
poaure  a£  SOT  C.  Cmuluctorc  and  spring  contact 
msmbora/  progressively  lose  tiiair  tensile 
strength/  ductility,  ami  flexibility.  A  similar 
embrittlement  will  also  occur  with  all  tho 
elsBtomor  ami  plastic  jacketing  materials. 
This. bacons©  evident  by  a  rapid  loss  of 
pliability  si  cub-aero  ton  naturae,  and  ulti¬ 
mate  shattering  or  c:--c'’ing. 

/ 

Buo  to  natural  oiddation  tho  riissipatloa 
factor  of  moat  dielectrico  incrassoo  with 
too  at  s  ra to  that  1b  temperature  dependent 
In  addition,  polyethylene  hay  a  chemical  affin¬ 
ity  for  come  of  tho  volatile  plasticizers  used 
In  vinyl  jackets,  which  caucoc  vary  largo 
chtmgao  in  diosipntion  factor.  Special  "ron- 
contsmlnating”  vinyl  Jackets  must  bo  used  to 
maintain  attenuation  stability  over  long  pe¬ 
riods  of  time,  ’A’eilon  is  not  effected  by  cmch 
aging. 

Preemiro  and  Humidity 

Variations}  in  pre ecu;  o  and  humidity  will 
iuioci  psrmlselblo  voltage  and  powar  ratings 
of  tranominoton  iinse.  Tho  mechanisms  con¬ 
trolling  electric  breakdown  depend  upon  gas 
density  which  varies  directly  wlththopreosovo 
and  inversely  a3  the  absolute  temperature. 
Curves  nro  available  which  relate  preouuro 
and  temperature  to  altlhido  and  permit  cor¬ 
rection  of  lbs  maxl?'">m  electric  field 
strength.  lira  corona  love  ,>f  colid  dielectric 
cables  retires  the  same  correction  date  for 
sustained  perloda  oi  high  altitude  operatic;;. 
Gaseous  dlffuelon  takes  place  through  tho 
jacket  and  tils  dielectric  oo  so  to  eventually 
equalise  tho  Internal  pressure  with  that  of  the 
surround, ;!g  atmo&pboro.  To  overeomo  those 
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llmltatioffio,  acd  to  minimize  corrosion,  come 
nominal  pseoanrisation  io  employed  in  almost 
all  wavegui&a  and  rigid  or  eem  (flexible  air 
articulated  coaxial  lines.  For  high-power  ap¬ 
plications  ifea  internal  pressure  io  increased 
to  tws  or  tome  atmospheres  without  any  un- 
due  stllfeafcg  or  rupture  of  the  flexible  wave¬ 
guide. 

The  density  of  the  sumKsssding  air  also  de¬ 
termines  the  ability  of  She  line  or  cable  to 
dissipate  beat  from  the  enter  surface  by  con¬ 
vection.  M  cea  level,  convection  accounts  for 
virtually  all  the  heat  dissipated,  and  hence 
determines  She  thermal  power  rating.  Such 
ratings  must  Sta  severely  reduced,  due  to  the 
rarifled  atmosphere  encountered  at  high  alti¬ 
tudes,  unless  provision  can  be  made  for  re¬ 
moval  of  heat  by  radiation  or  conduction.  For 
example,  foe  Teflon  cables  the  ratio  of  the 
power  at  eaa  level  to  that  at  any  other  altitude 
is  e<juai  to  the  ratio  of  the  pressures  raleed 
to  the  0.28  porno  r. 

Relative  tan  kilty  la  of  little  concern  sinco 
most  trpfiamiooiun  line  sysrtemfl  are  scaled 
and  the  dielectric  materials  commonly  used 
are  ncnhygrcacopic.  Certain  elements  oi  the 
system  (for  example,  antenna  feeds  and  seal¬ 
ing  wlndor/o)  will  at  times  be  subjects  J  to  a 
combination  of  high  humidity  and  temperature 
sufficient  to  car -so  ''ondensation  of  moisture 
on  the  exposed  surfacon  and  possible  arc 
over.  Arc-resistant  materials  which  do  not 
carbonize,  for  example  Teflon,  glass,  or 
glazed  ceramics,  should  be  used  for  these 
applications. 

Atmospheric  Cun  to  rub' ante 

Precautla.no  are  required  to  the  lnatallatloc 
and  in  proper  soktolon  of  nniches  for  ex¬ 
posed  metallic  lines  and  fittings  to  extend 
their  useful  life.  Direct  notl  burial  or  loca¬ 
tions  where  curface  water  cannot  drain  off 
freely  should  be  avoided.  Vertical  runs  of 
unsealed  tubing  should  provide  a  "weep” 
hole  at  the  lowest  point  in  Uio  line  tor  the 
drainage  of  any  accumulated  moisture.  Choke 
flanges  can  be  particularly  troublesome  as 
water  can  accumulate  In  the  -recesses  of  the 
choke  groove.  The  junctions  of  cable  aosem- 
bllea  should  be  protected  by  a  conformal 
wrapping  of  pressure-sensitive  vinyl  or  self- 
sealing  rubber  tape  whore  the  connectors  are 
to  be  installed  underground  ov  In  any  exposed 
location  where  thorn  is  no  need  to.’ frequent 
uncoupling, 

Metals  tire  susceptible  to  electrolytic  cor¬ 
rosion  as  a  result  of  salt  epray,  or  chemical 


fumes  such  as  sulphur,  hyu.ogen  sulphide,  os* 
carbon  monoxide,  which  form  electrolytes  to 
the  presence  of  moisture.  Tiie  copper  and  Oli¬ 
ver  alloy  materials  sire  least  affected  and 
aluminum  and  magnesium  alloys  are  most  af¬ 
fected  by  corrosion  of  this  type.  Preciouo 
metal  or  oxide  coatingo  used  Ik  the  interior 
surfaces  must,  have  good  eloctricai  conduc¬ 
tivity.  However,  the  former  ar©  too  costly 
and  the  latter  nr©  mechanically  inadequate 
for  external  use  without  additional  protection. 
An  appropriate  two-cost  paint  system  should 
be  used  in  accordance  with  the  procedures  oi? 
MIL-F-14072,  s‘  Finishes  for  Ground  Signal 
Equipment”4'  Direct  contact  of  dissimilar 
metale  widely  displaced  in  the  galvanic 
series,  such  as  the  mating  of  aluminum  and 
brass  flanges,  must  be  avoided.  Where  there 
is  no  alternative,  both  surfaces  must  be  given 
a  final  plating  of  the  same  material;  or  a 
separator  of  an  inert  material  mp&Lbe  ussd 
to  prevent  electron  nchnsical  action. 

Cable  jacket  materials  are  quito  resistant 
to  all  forms  of  atmospheric  corrosic.,  and 
fungi  attack  encountered  in  external  location  z, 
Tiiey  arc  capable  of  one  to  three  yearn  of  di¬ 
rect  soil  burial  with  only  alight  attack  by  ths 
micro-organisms  in  tha  soil.  However,  thaos 
mnterialu  may  suffer  deleterious  effects  from 
the  oils,  gasolines,  solvents,  or  hydraulic 
fluids  normally  encountered  to  aircraft,  vehic¬ 
ular,  or  ground  installations  In  which  they  tire 
used.  The  vinyl  mate  rials  aro  most  resistant 
to  these  chemicnlo  while  too  rubber  materi¬ 
als,  with  the  exception  of  neoprene,  will  aU 
swell  and  soften  on  prolonged  exposure.  Sili¬ 
cone  rubbei  is  particularly  poor  In  tho  pres¬ 
ence  of  gneollno.  Kal-F  is  tho  only  material 
reel  giant  to  the  effect  of  fuming  nitric  acid. 

Mechanical  Factors 

Rigid  lines  and  cabk-n  are  quits  rugged, 
and  can  withstand  normal  field  handling  with 
a  tow  aim  pie  precautions.  Long  •‘ertlcal  runs 
should  be  supported  periodically  to  remove 
tho  full  c trees  from  the  couplings,  particu¬ 
larly  for  cable  connectors  with  epring  loaded 
coupling  rings.  SUUc  comp  rocs  ion  will  cause 
a  semipermanent  deformation  (that  is,  cold 
flow)  of  the  thermoplastic  dielectric  and 
Jacket  materials.  This  constriction  of  tho 
cross  section  causes  a  loso  of  sealing  and 
introduces  an  additional  VStVR  at  too  connec¬ 
tor  Junction.  For  air  spaced  cabies,  an  auxili¬ 
ary  dielectric  support  should  bo  used  to  sup-\ 
port  the  conductor  at  toe  connector. 

-  RAYSHIPS  800-171,  Cutter  11,  contains  io.-) 
painting  pjucedure*  employed  by  tha  Nary. 


I 


1 

I 


1 

j 


The  radii  o!  curvature  should  bo  kept  as 
large  aa  possible  during  installation,  ac  sharp 
bends  In  cables  introduce  mechanical  stress 
on  the  jacket  and,  to  a  lesser  degree,  on  the 
dielectric.  Times  strep^s  greatly  accelerate 
the  cracking  of  the  jacket  in  the  presence  o £ 
ultraviolet  rays  In  sunlight,  and  atmospheric 
ozone  which  is  greatly  increased  in  the  pres¬ 
ence  of  corona.  The  center  conductor  tends  to 
migrate  outward  and  has  been  known  to  short 
circuit  to  tho  braid  under  extremes  of  tem¬ 
perature  cycling.  Thick  sections  o l  low  mo¬ 
lecular  weight  polyethylene  also  rupture  in 
contact  with  certain  common  eoapo,  greases, 
alcohols,  and  solvents  when  subjected  to  a  bi¬ 
axial  stress.  All  these  chemical  reactions  In¬ 
crease  rapidly  with  temperature.  Wherever 
possible,  right-angle  fittings  should  be  used 
to  eliminate  sharp  bends. 

Coaxial  cables  hove  been  designed  prima¬ 
rily  to  permit  reeling  and  unreeling  rather 
than  for  any  continuous  flexure  of  twisting. 
If  a  limited  degree  of  flexure  is  necessary, 
the  cable  should  be  Installed  so  that  the 
radius  of  bend  change o  in  one  direction  only, 
rather  than  undergoing  a  reversal.  Ail  cables 
stiffen  at  lew  temperatures;  the  plastic  mate¬ 
rials  much  more  rapidly  than  the  elastomeric 
materials.  Cables  stored  at  aub-soro  temper¬ 
atures  should  be  warmed  prior  to  bending, 
because  the  forces  involved  become  very 
high  and  can  cause  crr.cking  of  the  jacket 
Under  continuous  flexure  or  twisting,  the 
braid  wi'ti  loocen  and  reduce  tho  corona 
levels,  and  also  cauoo  erratic  attenuation  at 
too  higher  frequencies.  In  moderate  twisting, 
tho  braids  will  usually  fall  first  alter  about 
10,000  cycloo  duo  to  the  high  degree  of  abra¬ 
sion  they  receive  in  the  comparatively  stiller 
plastic  cables.  For  predominant  flexure,  the 
center  conductor ,3/111  break  first  Vvhoro  ex¬ 
treme  flexibility  lo  desired,  special  construc¬ 
tions  of  the  ini. or  conductor  and  braid  must  be 
used  as  well  na  very  clastic  dielectrics. 


is,  the  product  of  tho  does  rats  and  to  ttms 
duration  at  that  rate)  are  considerably  differ¬ 
ent  The  extent  of  damage  sustained  by  any 
particular  component  will  depend  oa  Its 
chemical  composition,  to  total  dosage  aed 

&  dose  rat®. 

Quantitative  data  cscured  during  ass  atomic 
blast  are  very  limited  and  of  a  highly  classi¬ 
fied  nature.  However,  extensive  evaluation 
has  been  undertaken  of  tka  effect  of  rcdiatl  va 
on  materials  required  lor  electronic  inotm- 
mentatlcn  and  control  at  nr  tear  reactors. 
The  correlation  of  such  data  on  materials 
into  quantitative  performance  Is  lacking,  but 
n  brie,  discussion  of  the  behavior  of  the  ma¬ 
terials  in  common  use  is  considered  tizaely. 

In  clone  proximity  to  a  reactor  core,  ex¬ 
tremely  high  intensities  of  fast  neutron  and 
gamma  radiations  are  emitted  over  a  v/ids 
energy  spectrum.  Tho  primary  shield  around 
tho  reactor  will  convert  the  fast  nsotiona  to 
slow  or  thermal  noutroor  and  rettoco  their 
intensity  by  a  factor  os?  10*  to  10*,  while 
gamma  radiation  is  reduced  by  a  factor  of 
10"  to  10*.  Beyond  the  secondary  cMeld,  ra¬ 
diation  effects  are  negi.!yih!&. 

Metals  or  thoir  alloys  arc  least  affected, 
and  although  somo  radioactive  Isotopoo  may 
b-o  formed,  they  are  generally  oi  cbort  life. 
Somo  small  changeo  In  too  mechanical  and 
olectrlcnl  properties  of  metals  have  been 
observed  over  tho  region  of  Interest  but 
generally  thoy  are  not  significant.  For  ex¬ 
ample,  the  resistivity  o  1  copper  was  found 
to  Increase  0.25  percent  st  27  C  and  SO  par  - 
cent  at  -1G3  C.  Certain  tnelals,  sash  aa 
boron  and  cadmium,  have  a  great  neutron 
affinity  and  hence  their  atoms  form  an  ex¬ 
cellent  shield  against  thermal  neutromx  Plat¬ 
ing,  coatings,  or  d  toper  atone  of  these  msto- 
risila  in  a  binder  such  as  polyethylene,  are 
being  uesd  for  protective  purposes.  .basal  and 
tungsten  arc  used  to  absorb  gamma  rays. 
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Solid  sheath  cable  should  he  fastened  in  t 
manner  so  an  to  mlulmlr.a  any  v  1b ration.  A11 
tho  ductile  materials  wl.ll  work  hardar  and 
eventually  crack  duo  to  cyclic  streoa. 

Nuclear  Radiation 


The  typo  and  intensity  of  nuclear  radiation 
will  vary  greatly  with  tho  nature  of  the 
source,  the  distance  from  the  source,  and  the 
duration  of  the  exposure.  The  effects  which 
take  place  Immediately,  such  aa  in  an  explo¬ 
sion,  are  a  function  of  the  radiation  flua  or 
"dose  rate.”  Degenerative  effects  associated 
with  the  total  integrated  done  absorbed  (that 


Plastics  aid  elnrstoincrs  tend  to  decom¬ 
pose  or  cross  link  under  custained  nuclear 
radiation.  In  t.V;  cross-lin&tiig  proccos,  mate¬ 
rials  such  a  polyethylene,  polystyrene,  nylon, 
neoprene,  and  eiHcon-ec  betomo  more  rigid, 
brittle,  and  thermostable.  In  fact,  a.  limited 
amount  of  radiation  improves  the  upper  tem¬ 
perature  limit  of  polyclhyk no,  and  curb  ma¬ 
terials  that  decompose  to  tile  monomer  a  or 
other  degr  iation  products  are  polyvinyl 
chloride,  butyl  rubber,  IvcI-F,  and  Teflon. 
Teflon,  which  has  extensive  u re  an  a  micro- 
wave  dielectric,  io  particularly  poor  and  Ha 
uoo  must  bo  avoided  where  unshielded  radia¬ 
tion  Is  present  for  extended  period*  of  tin-, a. 
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Inorganic  mater  isle  such  set  ceramics,  cer¬ 
amic  oitide,  and  carbides  are  superior  In  per¬ 
formance  to  tile  organic  materiala  indicated 
above.  They  can  be  uc«jd  so  rigid  dielectrlco 
or  as  fillers  in  the  flexible  organic  matorialo 
to  overcome  come  of  their  limitationr.  Refer¬ 
ence  55  is  the  me, at  comprehensive  and  Intesi 
listing  on  the  effects  of  radiation  on  the  prop¬ 
erties  of  inorganic  and  organic  materials. 

DO’S  AND  DON’T’S 

Carefully  remove  ail  fillings,  loose  solder, 
and  similar  foreign  particles  prior  to  assem¬ 
bly — cleanliness  should  ba  observed  in  all  og>- 
eraiioaa,  _ 

Seal  the  ends  of  all  lines  and  cables  during 
storage  to  prevent  the  ingress  of  moisture  or 
dirt;  protect  them  from  dents  or  bruises  vrt-'.Jj 
can  cause  latent  operating  defects. 

Provide  an  adeoua  number  of  gao  servic¬ 
ing  vents  for  free  circulation  In  pressurised 
systems;  check  for  leaks  periodically  and  ranks 
sure  that  the  dchumldifisr  is  operating  ade¬ 
quately.. 

Avoid  bending  radii  smaller  than  ten  times 
the  diameter  of  the  cable  sod  provide  suffi¬ 
cient  slack  for  shock  mounted  equipment;  use 
strain  relief  on  conaectois  where  flexing  Is 
involved. 

Separate  or  shield  cables  opor?*'  g  at  low 
power  levels  from  those  carry lr  >  r-f  or 
control  power  to  minimise  inter  ones. 

Select  items  from  preferred  or  standard 
Hstii— the  apparent  advantages  of  a  nonstand¬ 
ard  Hem  are  generally  o/f-U't  by  the  mainte¬ 
nance  of  special  fittings,  te.-’t  instrumentation, 
and  co  ecu 

Use  the  toast  number  of  waveguide  couplings 
possible;  good  preformed  bends  or  flexible  as¬ 
semblies  can  contribute  ier.o  io  the  ovcra.ll 
system  VSV.TL 

Exercise  extreme  care  in  aenembly  and 
grounding  of  all  fittings  operating  at  high  voltage 
to  reduce  corona  and  radiated  noise;  grounding 
should  be  done  ...  .several  points  for  long  runs. 

Use  ciVuatchle  hanger  straps  or  clamps  to 
relieve  utru  ■  on  r'glci  lines;  use  k dv.il '$o,\ud 
resllU-ni  protection  ouch  s  toeing  o.r  U\j.HV 
wrap  for  cable. 


Follow  recommended  assembly  iitotructic®* 
for  coaxial  cable  connectoro  to  assure  proper 
¥SWR  and  voltage  sTiung  during  cpsrafica. 

Select  items  well-  within  thsir  electrical  aad 
thermal  railage. 

Use  siraighteaera  and  special  beading  tod© 
for  the  proper  ins  tali  a  tier;  o i  oolid  sfesslh, 
semiflexibla  cables. 

Don't  permit  cable  to  bo  stored  or  installed 
in  close  proximity  to  "hot  spots, "  such  as  beat 
dissipative  tubes  or  rssistoro,  steam  or  ez- 
kmat  pipes. 

Don't  assemble  cables  with  magnesium  cx- 
ids  dielectric  without  discarding  the  first  2  to 
3  inches  and  drying  the  ends  thoroughly. 

Don’t  exert  excessive  forces  in  tightening 
fittings  containing  rubber  or  plus' to  ns  perma¬ 
nent  deformation  will  result;  occasional  light 
retightening  to  preferred. 

Don’t  specify  Teflon  dielectric  cob! or,  (ex¬ 
es  pi  in  miniature  aiseo)  unless  the  ambient 
temperature,  or  power  ratings,  exceed  the 
safe  values  for  polyethylene. 

Don’t  force  flexible  waveguides  beyo«d  their 
natural  "stop"  position;  contact  will  b3  broken 
in  the  guide  or  at  to®  iiange. 

Don’t  subject  ceramic  insert  puls©  connec¬ 
tors  to  shock— they  crack  easily. 

Don’t  apply  more  heat  than  necessary  is 
s-oldrring.  b  rax  Leg,  or  welding  connections; 
where  possible,  use  cri raped  conncciloGO  oa 
cable  brsids  to  prevent  distortion  of  toe  die¬ 
lectric. 

Don1 1  operate  waveguides  too  clone  to  their 
cutoff  limits  for  high-power  use,  ©elect  a  guide 
nine  so  that  the  desired  frequency  will  ©c  close 
to  mldbar.d. 


COMPOSITE  8YSTKM3 

In  the  selection  of  a  transmission  lto©  *ya- 
teiu,  ths  equipment  designed  will  establish 
certain  parameters  over  wh!  -i  the  cocspou-ost 
engineer  has  very  little  c>  'trei,  ■mch  so  tha 
frequency  band,  the  type  os  signal  modulation, 
a  si  the  power  level.  The  overall  inesrtiea 
loeia  and  the  VSWft  of  any  j;  x  posed  tr&AiMni©- 

minin  vi  iira?  el  mi  meet  be  coaside-ed  with 

respect  to  !iss  ©Peri  on  the  power  avaiinblo  ti 
tba  anienns,  too  frequency  stability,  tbo  ns- 
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c«s?er  slg-flal-to-aoSss  ratio,  md  eg  on,  Tiw 
else,  weight,  «&  ,  ..omplexity  oi  additional  c Ar- 
sultry  or  auxiliary  devices  to  overcome  these 
sMlciencieo  must  be  compared  to  anyposslble 
bmpravements  am  the  trsnssHlaaion  line.  Tha 
transmission!  Uk®  smb  its  shipping  ceuitatoera 
cas  fee  a  significant  factor  An  fhovolume, 
weight,  and  mobility- of Tanjrt&ci’ical  piece  oi 
eaEiipment  FlejafeiUty  and  simplicity  oi  in¬ 
stallation  are  always  gained  at  the  cost  of 
greater  attenuation,  which  may  or  may  not 
be  accompanied  fej  a  loss  oi  power  capability. 

%Aws®  vs.  Guidos 

A  good  compromise  can  be  achieved  by 
a  combination  of  transmission  lines  inasmuch 
as  efficient  transitions  or  adaptors  are  avail¬ 
able  lor  such  Interconnections,  For  minimum 
attenuation  and  saasimum  power,  waveguides 
should  be  used,  However,  those  parameters 
ars  established  e.ae©  a  frequency  range  and 
cross  section  has  been  selected.  They  era 
limited  to  a  frequency  range  of  1.4:1;  tills 
ran  be  extended  to  4.0:1  at  considerable 
sacrifice  of  periersnaoce,  but  with  a  reduction 
to  sixe.  Auxiliary  components?  to  perform  a 
myriad  of  electrical  and  mechanical  functions 
are  availair'  to  waveguide  structures.  The 
great  majority  of  them  will  bo  usable  over 
the  entire  wavegui.de  band  with  a  reasonably 
low  VSV/E.  There  are  certain  design  limi¬ 
tations  impoaad  on  other  components  duo  to 
the  variation  of  guide  wavelength  over  the 
frequency  range  of  the  waveguide. 


Where  band  width  is  oi  pfeary  coticara, 
coaxial  lines  cm  spm  four  to  ois  decades 
of  frequency  with  no  dffifcs%,>  'rfsey  offer 
considerable  savings  in  sis®  and  weight,  at 
frequencies  l  ~'v  1008  Me,  otere  waveguic® 
dimensions  become  prohM tlve.  Coaxial  liaes 
are  available  over  a  wide  rang®  permit- 
ting  a  cSioics  of  attenuation  aad  power  uandlisg 
capacities  that  is  indepasdaai  of  frequency 
up  to  their  cutoff.  Flexible  ©owsial  cables  ar@ 
the  most  versatile  in  appSieniiSB  up  to  ap¬ 
proximately  10, Oof  Me.  A  rasjosity  oi  ifcs 
associated  coaxial  compoaeMs  vnH  operate 
over  the  full  frequency  range  eg  the  line  six®, 
Design  Is  simplified  by  the  fast  that  the  pirfs 
wavelength  is  independent  of  frequency  aid 
depends  only  oa  the  dielectric  raadia.  Coital® 
components  are  difficult  to  de-slfta  due  fc© 
the  radial  field  coidigurotioa,  and  difficwM 
to  manufacture  because  of  ecsasM  goosnatef. 

In  addition,  special  coaflgswcSinaa  of  mm- 
guides  and  coaxial  lines  are  ®asd  to  advantage 
in  design  and  fabi-ieatlau  oi  PSKiponent®.  For 
example,  "strip  Hoe”  <:i?&eMa  of  a  flat 
center  conductor  separated  from  n  atolls 
ground  plain  ("open”  type)  ostovtmm  ayiB- 
metiicnl  ground  pl.nnos  {“ak vv  shielded 
type).  Strip  Hue  can  ba  used  to  produce  com- 
ponenis  or  combination!?  thsmcA  with  minimum 
ate©  and  weight  and  at  low  twA  by  tiutoaiatic 
production  techniques.  Data  »ja  Ssaea  and  other 
apaclnl  types  have  not  been  included  her©  zb 
iliey  are  not  consideredgeorrel-jmrpogo  trsms- 
mission  lines. 
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title!:  13  fa  of  cvr!»  co/ici»tfr>3  c-f  3  r  3 
through  30-9  chsra  t::l  Is  far-  1  hvo tfah 
700  ohr,<a  fee  4  br  (tally 
Arctic:  abort!  /leckarga  for  US  fa 


fa  3-7/16 
8.  2-1/32 
ft  2- 19/32 


fa  4-1/16 
17.  2-17/32 
H.  2-15/16 


t  4 

Sodec-J  (13) 

t  12 

Tyminal  rcsliaga  23.-4  volt* 
!  200  fa  Efaoasfc  2500  c4wa-i 


|  1^0  ny  Cir<3t5£,?i  .iSCO  o&mmc 


j  HA/m/C 

j  £LM30/ti 
EA-3S8AJ 
j  BA4C31/W 
P-i-4S3/U 

j  ! 

!  J?rV317AJ 

I  EA-43V V  | 
B.-V22Se.'/-“7 

I  BA4I3S0/TJ 
B55-3-232/U 
HtTV^y.'15/U  | 


v  BA-3^r/TJ 


avi2i  i/v 


•  >  eft  (3-  »•  ‘ 

_  ,  .t  lV>' 


.‘rS'S'Cs'' 


TbMo  t  —  SI aga  'ffiiil  Military  Barfi-atica,  Electrical  sad  Jfc«i*3ieal  SafeiSia  (coat) 


i 

j 

Bo-ay 

dlrD<m»iono 

(Jbacboa) 

-  D.  Diftrcsia? 
Lk  L-ca  glh 

W.  Width 

H. 

1 

Te.~iic«*l2i 

|  t'citht 

f  {Sfc,  o» 

|  *“5 

|  ..  rat®  CT 07  : 

1 

T 

j  Teel  ejtfl- 
f  wtlaga. 

]  (rc.lia) 

! 

i 

“Sfes 

! 

| 

Terafcai  vcJtajra  30.8  yolta 

;  9 

j 

L.  9.S 
.7.  9 

H.  47 

Stud  aiid  nsst 

SS,  - 
(•mrxsd 

|  1^*0  c-s^p  c^io  (2) 

1  23.2 

L 

i  BA-333/8  S 

i 

T^ar-Hr^l  voltage  33  volta 

: 

L.  2 

¥.  1-5/16 
H,  2-15/16 

SocVci 

i  °>6 

<00  fee  tiirosgli  30,000  oirais  fcr  S  hr  psr 
<&sy,  5  days  par 

L 

I  12 

j  BA-233/O 
| 

1 

_ _ 

Tratiiual  voliag*  33*  8  volta 

j 

i 

L.  1 

17.  1-5/16 

H.  2-15/16 

So^iccs 

0,  6 

6v<3  tw  30,000  fc?  3  ^  - . 

d&jt  5  day^s  per  \ 

\ 

22 

1 — 

!  VA-’cm^j 

! 

\ 

i 

rails  go  4$  to  it*  ^ 

t 

L.  &-1/S 

17.  4-3/8 

H.  7-1/6 

fo-rkvs  clip  (4) 

13,  12 

333  **.?  through  200  ehai-s 

34 

E-V23 

i 

! 

l~  43/16 

W.  2  1/2 

H.  S-13/16 

Stud  artd  eat  (4) 

4* 

"3  iirsrtiTf,  SO0O  ciisa 

34 

BA-S5 

} 

1 

I 

1.  .3 
¥.  1-7/8 

H.  49/16 

fluid  or.d  nsrt  (4) 

%,  10 

23  Sxr  3SOO  c-ism* 

34 

avss 

f 

1 

l 

} 

L,  2-19/32 
W.  31/32 
H.  6-19/32 

Shu^  c*c3 

0,  10 

7.S  of  cycks  consist-tag  cf  2  sala 

13?X7  crisis  sssd  4  aria  $SQ$ 

2* 

3A-» 

> 

) 

1 

1-  43/16 

17.  2-5/16 

H.  41/3 

(4) 

3,  1 

20  l-;r  o2  c  rd-:  ccnal&tfc&g  of  2  cdn  7.:<-?ra/ 
and  IS  eU  tvuoagji  1800  gSkss 
feff  4  V.r  dully 

33 

BA-4?8/Vt 

1 

1 

L.  41/8 

W.  3-1/2 

H.  3-ly2 

3c<i«:  (-1; 

-\  3 

14  kj  of  eye  la  cooioictia.j  uf  2  nfa  O-^o^sJi 
*40  ctM  and  18  iota  lisoc-O  1400  ««» 

fctr  4  r5T  dally 

S3 

U.V422/0 

1 

I-  43/16 
».  2-1/2 

H.  5-13/16 

Stcd  nut  (4) 

5,  6 

i-iiiat  63  Sr  i*ro-.^h  3000  efes-» 

Arctic  6  cr  ate--*-,  5000  efes 

i4 

8A-30iS3A) 

! 

i 

U  2-15/16 
W.  2-1/4 

H.  41/16 

Scds*t  (4) 

1,  s 

20  h/  th  1-047  ^2  35-00  c^-sus 

Axutics  2  fcj  3300  otVcs 

« 

RA-20M,TJ 

I-  3-1/2 
r*.  1-23/5? 
H.  5-7/16 

Scc4  at 

2,  ^ 

IsJiWfe  12  Kx  thicc^rl)  1SOO  ch.r.3 

A-.-ivC  1.  -  i/.njr-rV  1SOO  chr.aj 

34 

HA-2v5'9/D 

L.  41/6 

V.  2-9/10 

H.  5-5/18 

ScK-rcet  (4) 

S>  0 

Iriti-7’  .  as  throcjju  3000  t-.his-j 

Arr-  -.  6  fe-  ferocr'.  5000  ohsri 

54 

BA-2223/U 

t 

i 

I-  2 

IT.  1-5/16 

H.  3-13/16 

SocV.ad 

9>  S 

•xSrtSmS:  520  hr  FH^v^i  45, oh^s  «? 

It?  tier,  5  /*)- c  w C2aJ 

i 

IOA-223-Vt? 

t 

U  2-15/16 

W.  1-7/16 

14  3-1/4 

Socket  (4) 

0,  11 

1-a  Of  cyrl*  c-'>:fc^Uag  c^f  2 

chrovfh  «V«00  chrnfl  c^d  19  a tta 

6000  cia'jca  fc^  4  hr  d*Uy 

Arcttcc  di*c\.-5r^  fc*c  L  4  ^ 

“  I 

l 

UA-2414AJ 

iuiL-!>-US  T.Y-=4*Q 


Z41 


i 


:  : 


Tab!®  £ — Siafsl©  Uait  Ettitejy  S»t2«iJs«#  Sfeefe&ssS  *ad  Marhamieal  SVistsdls  (cuwi$ 


S3**S? 

dlmenslono 

(inc5j®s) 

D.  ITJasteto 
lUJtxKSgtlj 
W-Wclghi  - 
H,  Holf&t 

'fesrafoa&r 

C&k  'T? 

u«3$ 

hr!*  or  espaefciy 

T*«4  &?£ 
f  <poltos» 
.(w4is/ 

i 

|  . 

1  __  . 

|  .  Tersniaal  volfcaga  45  ‘sclS*  (coat)  *  jj 

|  L.  4-3/16 
|  V.  2-5/16 

|  n,  ws 

Soc&fct  (4) 

2, 1 

Initial:  18  hr  of  circle  cci-ii.tlr.g  of  2  tain 
tbroogb  800  oh/ja  end  18  c  ‘hrontJj 
1800  for  4  hr  doiUy 

AfcSc:  skew  <S*ri»aps»  for  1,8  tsr 

33 

3^34JS/W 

U  4-1/8 

W.  2-V2 

E,  5-1/2 

fockit  (4) 

3,  3 

Initial:  13  hr  of  cycltf  cons  is  tins  of  2  tala 

throng  <300  ohsrJt  and  IS  min  through 
1400  ohms  for  4  hr  daily 

Arctic:  atwr*  dlA^rgs  tot  t3  he 

33 

j 

£»  2 

1  «r.  S  -5/1C 

H,  513/16 

Socket 

0,  8  ~ 

•400  hr  through  43^000  ohm*  for  5  hr  $**? 

<ksy0  5  Anya  j*sr  wack 

30 

SA-234A?  | 

L.  3-1/2 

W.  1-23/32 
a,  5-7/16 

SecS«t 

2.0 

13*  5  fer  throu^s  1S50  e-hrai 

34 

BASS 

S-  2-15/16 
V.  51/4 

S3.  4-1/16 

Socktd  (4) 

U 

25  b-  ihroush  3300  t-4aa» 

34 

m-c>3  i 

<  JL.  4-1/16 
|  W.  2-9/16 

I  SI.  5-3/16 

Scchtfi  (4) 

3,0 

V0  h?  through  3000  eksa* 

34 

E<A-aK/» 

|  1..  3-13/16 
|  0.  1-1/4 

8*.  53/4 

Stud  6ts&  nut  (4) 

3,6 

17  h?  through  SO&0  c&ra* 

54 

SA-Z/9/0 

j  E.  9-1/P 
|  W.  4-3/4 
|  St  M/4 

Spring  clip  (4) 

13,  12 

Initial:  207  hr  ihrorjh  2000  obao 

Arctic;  29  hr  Shros-i  2000  chat* 

34 

EA-2023/tl 

I  X~  4-3/16 

S  a  2-1/2 

|  ».  513/16 

Stcd  and  mil  (4) 

-\  « 

Initial!  63  hr  throt^i  5000  ofrnia 

Atctic;  6  hr  through  ofeta* 

34 

B/i-J.©3j/U 

|  X-  3 
}  i-y/8 

BL  4-6/ 10 

Stud  And  ntd  (4) 

t  10 

Initial:  20  hr  tbrcut&3  3800  ohna 

Arctic:  2  hr  through  3&00  causes 

54 

. 

0.!5Z£S3/O 

IU  2-15/16 

W.  1-7/16 
a  3-1/4 

J  _ 

Social (4) 

0,  11 

f 

18  hr  of  cyc^c?  c-criiZiaiing  of  2  mle  through 
3600  ohrr,.-  arid  18  lain  through  6600 
ohn>«  for  4  hr  -’•sliy 

33 

aV424/W 

|  Tarsuoal  volvAg®  46.  §  wits  ] 

it.  3-1/3 

W.  1-25/32 
S3,.  57/16 

8od-«t 

2,0 

34  hr  throng  1589  e&*ss 

34 

BA-Wi5>/W 

IU  2-15/16 
W.  2-1/4 

32.  4-1/6 

Socket  (4) 

t  8 

113  hr  through  3£C3  ohsas 

74 

- 

3-  2-15/16 
VJ.  1-1/4 

SL  53/4 

Stu«5  odd  nut  (4) 

\ 

1.0  - 

70  hr  through  5009  c-hnsa 

34 

8/51222/0 

t.  2 

\7.  1-3/19 

U.  513/16 

8odk©£ 

0,  8 

600  hr  tnrou^h  45,(KJ0  o4iik3  for  5  hr 
dfty,  S  dj\ya  o&r  nvek 

30 

BA-1234/tJ 

a  55/0 

W.  51/2 

H.  513/16 

Stud  c«d  nut  (4) 

3,  a 

133  hr  through  SCO?)  chic# 

5} 

Eyfe-s:'Wtj 

! 


i 


t 

I 

T 


i 


.343  I 


~  k  >>'■ 


-  4i  «C V  v*>  •  -«"«,-f  '  • 


i 


•  i 
■■■■  ? 

« l 

3 

ft'l 

;.  u.t 

fc&AAe&g 


:  ~rt  •c&rz=n'  “^ -~- 


Bids? 

Jtr.ry-Tfss* 

(lacfecaS 
D,  Otenstsc 

tv  Length 

W.Ktdlh 
H.  Haight 


Tabia  2 — Slr-to  Halt  Milltoy  SteKatfsae  BlscJs&iEl  ceS  sfech- «iye1  ®d1rHs  (c-3S) 


e-sha^ia  E3&)  op  captslSy 


Tonalaci  vcJfafp  46.8  reiSa  (osquJ 


L.  3 

W.  1-7/6 
ft  /t-o/ts 

Sited  and  not  (4) 

— 

t  10 

115  h?  6'^3a^  SSSS  «a>£UJ 

34 

BA-®53A1 

T«rciir.ci  Tiling*  6%  4  vdfcs 

L.  2-11/16 
W,  2-S/1S 

H.  3-19/32 

Ssap  oo 

■ 

0 ,  14 

* 

22  bj*  o£  c^cl#  ocoai^th^  <?f  2  cafci 

2C<}0  g%2*»  iiid  4  cafe  5265 

42 

BA- :<»1/© 

_ 

Tcrraleal  wits®*  67.3  r.i'.r 


L.  2-11/1(5 
W.  1-5/16 
H.  3-19/32 
L.  2-11/16 
W.  1-3/16 
H.  S- 19/32 


L.  5-3/3  Socket  (15) 
17.  1-7/16 
H.  3-1/4 


7.9  eycl$  cvnoizfizg  ot  2  tafei  j 

43  J 

BA-51 

i.fer-o!3t>  20C0  ofcs-3  sn-il  '0  sala  \ 

32?9 

1 

1 

Xciitinl;  C\  1  b?  Qi  cycl&  e&zrletisiz  oS  2 

EfiiD  ^-2C-^gh  20C  )  oSCvO  €££&  4 

5300  ehzi*)  ' 

Atetlcj  c&tt*  0,6  h* 

42 

i 

i 

3A-2351/G  ■ 

U  7-5/3 

V.  2-3/16 
B.  4-1/8 
U  9 

W.  2-9/16 
H.  -15/10 

t,.  5-3/3 
W.  1-7/16 
Si.  3-1/4 

1U  7-5/8 
tf.  2-3/16 
H.  4-1/3 

L~  0 

W.  3-9/16 
H.  0-1S/16 


Socket  (15) 


Socket  (15) 


]  Socket (13) 


Socks!  (15) 


Social  (15) 


L-  .-11/33  nai  eurfaea 

17.  1-1  «/?2 
H.  11-19/32 

L.,  ,3-11/33  /tai  eurfs-co 
ST.  1-1 1/32 
B.  11-19/32 

l..  1-11/37  l-'Ul  nurfacs 

W.  1-11/32 
I],  11-19/32 


Totrunal  v-ciScso  59  coils 

18  hr  of  cycle  o eaairltc®  of  2  rris 
thre-JfJi  5180  eb.rtssj  cal  SB  a 5-  t/c-Cy/l 

15.200  tAsga  fcjr  4  be  *aily 

20  hr  of  cjrcla  ccaeleti'ta  of  3  »5a 

through  If  CO  eiwco  «£»1  SB  afej  t&wag-h 
~ f'  70  c/a-5-:'  for  4  V.' 

14  hr  of  cyctr  ecaair<S»v5  of  3  n‘-.» 
throc^b  1200  o'-jxc  ®--4  15  sclc 
2600  c-Saco  iVr  4  hr  5c!;.--' 

Istltial:  14  i.v  of  cycia  esc-siclisg  of  3  *-‘-o 
fhro^Eh  5700  ehcifl  c?/\  IS  —hi 

13.200  ckaae  fcc  4  hr  daffy 

A  re  tie  i  sire-re  dlac&cs?  fas'  1.4  £c 

fsiltla  13  hr  of  cycle  cctorlsChig  of  3  r  hs 
tbro-cch  Jf03  rbc-j  ;c.d  IS  ssia  th»cn^/r 
3600  ch-r-3  for  4  hr  daily 

Arctic:  ohe-ve  rilycharro  re-?  tfi  *? 

Inlti.l:  13  hr  cf  cycle  erects!  cttii^  of  2  cars 
throc.ro  1200  t-hica  ea-3  IS  rate  Swc.'^i 
2700  civ. re  for  4  t  :  tiri-Uy 

Arctic:  ch-rece  r"i  LC-or-.n  f -r  1.3  hr 

TcrBrtncl  v'r::..-fv  93.6  ceii-r 

I  30  hr  of  cycle  aaoojii  lfrsg  ci  2  oin 

J  tervygh  3000  ohna  ere'  4  raf-a  L'  rerereb 

j  6000  abas 

0.5  hr  of  cycle  ccrr, '  rel-re  c-  2  win 
through  3000  (7: n;ixi  4  eajkj  tl  re-erei 
6CC0  oV-A 

6.8  hr  cf  cycle  rere.-r!  re.vre  (rf  2  a,lr 

throtrrk  5000  ot.--:  'i  r--A  4  r-ic  tyre-a/a 
0000  CvKaTS 


66  J  aV415/0 


B&-4S0/B 


52  |SV«23/tf 


ewsia/n 


e*  I  PA-24 19  AJ 


66  BA-542Vt? 


63  InA-KtSS 


6S  ]ii/>c3e 


65  BA-205HAJ 


T«T5i:iAl  ^?=Cv.^^»  1  S3  v.rTt* 

— 

L.  6-1/S 
3-1/2 
if.  5-1/16 

6 tod  KOt  (16) 

4  f! 

90  SkT  1  .VCC-0  o-i.^3 

ICr 

. 

iiA-3S 

213 


"."  'J--5:'!  vrr.t  r-r 


'i'afela  5 — tfcjjlo  tfttli  EJWtsay  SattoSo®,  ElaetrfcjS  cc.!!  Sfcdr.’teS  Datell*  (caj 


Eady 

diatsasleco 
(lived  et’.) 
0.  Ditaeto- 
S-Loastfe 

W.  Vidfts 


Tcfaklssato 


®el#l 

(ii>s  ' 

CMS§ 


Qfc>«Jj»'SS  rejo  «r  ©sqp<C£t£7 


Teal  esfif 
K>itoe» 
(troto) 


*rypo 


1 

Teisitoal  rcltcsp  135  volt?  (caci) 

■ 

L  1 

L.1Q.4C6 
\7.  2.718 

H.  &.87S 

isrcxinal 
alvtp*  (15} 

18,  0 

JUS  4: iaj*  t£u*mgfa  #75,05$/  cfica 

12s 

BA-2S9/U 

L.  e-us 

W.  S-l/2 

H.  5-1/16 

BiOil  c»£  r.ai  (1C>) 

; 

3,  $ 

2S0  fcy  Saass^ti  15,080  oi'*;3 

106 

BA-1033/0 

L.  6-1/8 

17.  3-1/2 

K.  S-1/1S 

Stud  a  ad  atari  (16) 

6,8 

, 

f  72  hi  tkooc^t  15,0®)  cJbs^e 

Arctic?  7  h?  t&jcugja  15,000  sfras 

soo 

BA-2333/77 

L.  4-1/8 

W.  3-7/8 

H.  3-J/4 

CoCsiC^  (19) 

xe> 

IQ  hi  o$  cyslo  ceotfiotlag  of  2  rsha 

7<^X)  ohr.i'J  f-sd  18 
t9t&'0ij  ebsao  ict  4  I:?  daily 

9S 

BA-416/0 

L.  6-5/6 

S?.  4-3/8 

H.  4-1/8 

fMktt  (19) 

0, 1 

20  hj  of  cyct?»  cfiEisist^s  of  2  Kiia 
tb/c:;7vji  2^-00  oiicio  r^4  18  o5q 
ttjrcsj^»  5400  ohsi3  lew  4  b,?  ct&li# 

99 

I3A-420/O 

L.  7-9/16 

17,  4-1/3 

H.  5-5/ 8 

ttocfcsi  (19) 

9,  9 

14  hy  of  cyc-ti)  cc-fieistlea  of  2  wist 

Hvc<i£&  ISOG  ohstip  ?&6  10  iAz\ 

4*00  eb«3  fey  4  bf  dAily 

99 

BA-42-4/XJ 

1-  4-1/8 

W.  3-7/8 

H.  3-1/4 

8*cfe*«  (19) 

X  o 

14  oif  eyed  a  cc£2cisil^  o?  3 
tferor/c3  7800  ohcao  c«d  10  sda  6;«t^ 
39,£>^)  ofc-a^s  fo?  4  hjr  d^lly 

Arctic:  sfccv*  dlsch^rgtd  tot  1.4  by 

99 

BA-2/ie/O 

L.  6-5/8 

W.  4-3/5 

H.  4-1/6 

Socks'!  (19) 

6.  1 

•  foltlsli  IS  hr  of  eye So  ccsaiatis^  of  2  safe? 
ttvfCsj*^  2C00  ofessAO  cc-d  IS  a&'.^  fs^e-^s 
5400  o?rs«a  fer  4  lx?  d^tty 

Arctic  abersa  <Usc&rrg$  for  1.8  Sw 

CO 

aA-34S0/O 

L.  7-9/16 

If.  4-1/3 

B,  5-5/8 

Ss>cfc><  (19) 

9,  9 

Iniil^lj  13  fcr  of  cycle  ce.^olotiaj  of  2  ctU 
tb.toc^  1S00  c fbeve  acd  IS  »fas 

4200  Cr>..vo  fc-?  4  hr  daily 

Arctic:  etw  d  ischa  r%3  fo?  1.3  fe? 

SO 

RA-2424/U 

i'lsisa. 

1.  At  *  ..  !ntfU  rate 
2-  At  10  naltrato  rate 

5,  Collvad  v,;H  e£  fired  b&*a  m'er  l  lev  toJni-Sar-J 

bo  so  In-asp 

4.  Ontw  t*^po4 

5,  Tfippcd  *  t  —  1-3  ftsvd  —  3  *^>St» 

6s  Cc^£vsct»  arv  b<r*t>leJ  c*t  r3*t»df-d  te  persaii  batin/y 
p-isr.  CuousJi  5, 25-  In.  cyUo&rc 
7,  T*ppc<’  ■  L 5,  3,  tu>d  4*5  relic 
8s  TcffMKl  at  *-  L  5y  —3,  —  4*5>  tcA  —6  volte 
9.  U,st«i.aJa  (Rust  bvi  isoT^fc-a^tKttVc  s/scayi  fosr  rivals 
web  etr«4>  ttsd  lock  «t»ic?3  sa4«T  bwfKjjBftl  g&bGi 


10.  T£pn<?d  ?.t  1,3  TCiUj 

11.  Tappod  ct-3,  -4.S,  ««d-16.5  volts 

12.  Ttfpjyad  at  —3,  —4,5,  —6,  *-9}  — 10. 3,  sad  —  S&.S  rsito 
13..  Tapped  at—  2.6,  —3.9,  *<xl  — 16*9  ’rolls!? 

14.  At  5  rata  arte  rate 

15k.  Tapped  at  22.5,  *&§,  w>d  67,5  veils 

Id.  Tapped  ct  45  veils 

17.  Topped  at  67.5  sad  7X5  wj-lt-3 

IX  C»U  -d  *i  46,6  volte 

19,  Tapped  at.  22-  -v  45,  67.  S*  a?*d  90  wits 


fi 
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"^•'MWSJ^ssw*^  mma-m**** 


— arlf.^ts  Vntt  Zm^i,  tOaeiMcaSss-’l  Uoti^c^  Itefall,  £a  AmotSmso 
_ _  *ith  gjg^.^-rjfen  MH^a-iaB  ffl  (scs® 


a*£y  |  - | 

fesassla-^a  I 

pEsfejeJ  |  ®eSsift  fj 

&■  SJ*acj3?  5  £&.  ac  |J 

!«C> 


Tfcwtf  csS 


A,  1.3 

a  se 


A.  i.s 
R  135  {<} 
tv  202.  S  (S) 
a  -t,.s 


A.  1.S 
R  ISO  (t) 
Br  1SS  (5} 
C.  -S 


A,  i.s  j 

a  i?s  ad 

•  A-  4.5  ] 

a  S53  5 

A.  l.S 

a  os  • 

By  eo 
a  -4.5 


A.  t.S 
a  C7.ii 
EV  133 
C.  -$ 


w.  2-9/1* 
a  4-r/e 


t,  8-1/V3 
».  2-3/SS 
a  443/33 

a  8 

W.  &7S 
H.  03 


a  o 

a  (Hi/ss 
fcjywr$ 


t,  aaata 
w.  tuts 

a  Cs»7 

a 

a  csTsi 

a  2-13/13 
«.  2-5/S 

h,  7-3/3 


U  S-S/13 
*t  3-5/16 
It  frO/J* 


Aji  3 
A*:  V.S 

a  iss 
a  -7.5 


V  s 
3.  SO 


U  *-5/8 

h.  ve/is 

H-  «/3 


t-  VI/1C 
B.  1-13/18 

a  v*/« 


I  81  tr  2a-  Sk?  prj  <k,7a  g 

S»:.?  <re»A  l^sngjc 
As  5  ciaw 

55:  SC  CO  c4-535j 

eWifcs  8  k?  of  C&jyrj  dtes&ssBsg 

j  £#  4cr  £W  S  t»  gwr  A*?,  {  days  yoj 
i  wwrl:  fcj-cagjk 
As  7-5  efcaj 
I  Es  #KSO  etc, 

J  C®  *373  iixajgs 
j  /as  &S  c&ai;s 
I  Bf?  P  Eisccfcsss 
5  9,3  Baigcfara 

j  X'/  -iasafSBot; 

■  C  clysia & 

I  S:  20/363  cfcsw  gig 

j  73  ee-Ai  Steoi 
j  As  2.5  efeasj 
'  Ri  »5©,«S>  cfww 
TB&S&.ias/fi  3£%6$3  e-ibao 
£{<573  V?):  63^23  t.Vsa 
24'  SOJS  ofc  3 
®sG*S>]»  13,£@S  rfsw 
Cl  ejc  cA'csTt 


j  SO  <S*yo  ttsca^si 

|  A)  IS  cSea 

j  th  208,800  cane 

|  >/  fc?  t  A  O'r^Si 

J  As  13  e-Taras 

1  Os  400,000  «Vs» 

sS»-i  sf  2  Eifej  e.aa 

j  1$  k*3  *s  felfcfcm 

i  ^ 

A?  2>23o&®3 

37^0  efepsca 

S  /  .0  sfcai-a 

2727 

fS»a  ci/c^is 

■Ci  cljosiS 

.':  circxJtl 

L  $  5>?  c&crti 

If)  fef  £*  esn5si»  $£  2 

e£o  f-3 

2  Fja 

1£Lp13 

‘t,  3.53  cc-.»g 

116  ofcni-4 

17-,:  45C-D  ote-s 

2700  c-7.$sa 

BU  5030  ofees 

!Cl>,C‘00  ce>ae 

a-  16J  eltoa 

60OD 

jJ.?  ?»  (a  S5  aim  ^arJs-s' ■•  >a  felloe^ 

tt-1  p*rio^ 

2si4  p-yrfDd 

A,:  7.5  c3w* 

13  0-^:2 

■7,:  7.S  ci:«« 

10  ahs 2  8 

S:  S2C0 

S^OO  t'  htM 

C:  375  c-7»k 

3.25  Ci"  t7sv.ajVi 

A:  18  Ca-Ko 

K;  7500  c.W 

As  1.3  ?>A-284a/17 

Ei  AS 


m -224/1} 


As 

1.1 

SS 

6S 

As 

'  o»e 

%' 

12S 

R: 

*.Cfi 

3»C*epJi 

31 

Cs 

-us 

5: 

10.,  5 

As 

1.23 

Er 

170 

^(13S  tKp^3 

BA-C.U/U  (75 


EA-2S0A!  (10) 


138 

BMy.j  laj,), 
63 

Ejj  153 
s-/iap?j  ns 


BA-23S/U  (7) 


PJ-.-S’iS/V 


BA-2270/V 


BA-2179/TJ 


fa-aip/o 


■sa&a— IfeStlpS.  bit  Ihltateq,  SCacMcol  and  Kscfcasfctdi  DsteJJo 
witQ  S3L-»{M8B  (1)  (eso2) 

}  EteS&  I  ^  "" ""  ”  _  .  ■—  — ™ 

fl  jfi$5££.;^3  2  | 

I  Stoi&sa)  Wol^s  p  i 

«*•  |  ■  Bteclarg*  f 

f  —»  I^Kcjsi  sms)  P  ,, 

I  x  m-;&  j 

|  St.  Bai^-d  I  I 


A*  S  f  E„  3.532 

H>  133  |  U.  3<.£&& 

C,:  -C3»S(12)  a  &.133 

CV  SSbS  as)  I 


A.  S 

a  s« 


A.  4,5 

R  2M 

%  60 

A.  4,3 

a  25.S 

5TV  69 

A.  4,3 

a  so 


!  A.  4.3 
a  co 
SV  60 


A.  6 

a  s?7.s 

A.  7.3 

a  ns 

A  7.J 

a  iss 


A.  7.5 

a  is® 


I2»  4-4/16 
®.  M3/1! 
&  4-iyia 

!*  t»  2-3/8 

w.  s-j/g 
a  s-i/a 

a  7ss/a 

*.  3-1/0 

a  a-j/s 

j  L.  70-?/ ;S 

®»  •'  S/3 
•!  -  7-V4 


1-  10-3/36 
V.  4-1/3 
II  7-V4 


A  7.B 

a  iso 

A,  -- 

a  4s.s 
a.  2i.i 

a  5,2  (16) 


U  5-7/0 
17.  3-1D/S3  ! 
a  s-i'/o  | 

6-7/16 

t-  *3/4 

a  r-i/is 

a  0-7/ 1  o 
X  SOt/4 

a  r-i/is 

a  s-7/13 
w.  50/4 

a  7-1/16 

a  >3/15 
W.  1-3/16 
£1.  4-3/16 


ICO  dayg  &ccs*i-.  1. 25  iatgsiaaa  (14) 


In  Acccartr,.,- 


T*at  eas3 
voltage 
(»clta) 


SO  ads  thrcsg&s 
As  3,5  chss® 

Bi  23,620  s£mb 
C;:  £0  sssjfeisae 
Cj<lcp):  ap-a  titcnli 
C.-  3  asjs&aw 
Cjliis):  c.v>2a  clactdj 

Initials  2.3  /, 

As  16  otasa 
a  7300  cfe=» 

Arctioi  6,23 1,  J  abac*  dtacfoitge 
S-SO  7r  feeisjSs  §0,020  «Csa»  (14) 


laiUeli  313  kr  terosab  §0,00  <*,*sa» 
(M)  ’ 

*»«**»  '1  t»  U**s$^i  !»,<»»  efetna  • 
0«) 

30  hr  es  Jnlle  .vji 
Al  3  6’.  1.3  tfc.Tc-»i7?3  10  elerwi  fcsd  3 
12*0 ‘.-f,0  1.6  oS.33 
B,I  t&nar^h  3300  e&na 

3.  and  17,  la  issri -e;  2  tabs  ttsrpo^ls 
3609  cIssm  sad  .(  ity&jx  ci.-c  i.dl 

SaiUali  13  St  68  !«  SA-70  aSrovp. 
Arctic*  i.3  fef  Ki»  atiows 


53  as!.-.i  thresgt# 

A;  S.2  chaa 
a-  53,000  c-hcv; 

3  kr 

A:  IS  o-Srcs 
a  50, 020  ofea-a 

(40  hr:  3  • i V.  tfercca'.i  (ellonjlag 
atalnncno  end  -I  s< ill  cpws*  circuit) 

A:  5  7, 5  c.bsio 
B:  3600  cbs., 

I 

lelilal;  30  lu  66  1.6  BA-39  tlioya 
Arclic:  3.0  fcr  at  above  dlacSsarj* 

150  »e  Is  FJA-59  ctera 


As  2,2 

Efe  ISO 

C,:  >95,0 

•3.0? 

Cjt  56, 9 
C,(tap}j 

BA-271 A7 

sa,s 

_ 

As  2,3 

a  63 

EA-2CS7/U 

63  (14) 

BA*41 

65  £U) 

SA-3001/XJ  | 

-3s  3,5 

Bji  63 

B,  erd  Bj 
te  s.cfl»«J 
105 

A)  3.6 

8,1  63 
E-,  end  a., 

in  s«d£ia 

m 

Ai  8 

a  S4 


1  S/W2073/-  • 


£:A-2f»AJ 


GA-3S3/U 


As  5,5 

a  no 


A:  5.5 

a  ho 

A:  3,5 

a  no 


|  EA-30 


BA-30SP/0 


iJA-lOOO/IS 


OA-12,'3/o 


1.  £latt<sic-s  V, v -  wc.ro!  f 
i—.loa*  oAarml.®» 

Z  5Cv,l  tend  n»i  Cctcdsats 
3.  B-  trrlt  la  carter  ( !•  t  &,  .-—It 
^  7'A-'C«-J  *i  2XS  trxl  6S  -.-alt-j 
S.  Trw*ci  as  «l,5  i.Tdfcl 


6*.  «  sr-dt  hes  nc«l*)a!  TOltaja  al  U 
mltr 

7-  OSaCla  aod  -cbla  crrcaacto-r  teex! n -! 
A  T«S%  :i  St  67.5  and  135  wdta 
-A  Trvyad  at  135  toHs 
£0.  Ajckni,  cable  acd  cable  «•?.-, .-sactcs- 


H.  T.-vp  ed  40.3  c-d  150  r.rlts 
12-  Tepp*d  at  -3  colts 
IX  T<y(>ed  st  33  roltr, 

13.  Ail  unite  .x.-jeotad  !a  asdas 
15.  Irr»(_al*-  -  bape 
16  C«ifc»r-toifr'p«<3 


Airflow  tatarfceis,  243 
Air  volimsG  required  for  cco!lagf  238 
Alloy  Jimetifln  sotnieosidaeior  rattifisr,  29 
AltHe-d?  effects  on  components,  batteries,  02 
Mowers,  24$ 
dyaamotoi'Q,  @§,  73 
rocUfiSTOy  43 

tranflintortecd  power  supplies,  7? 
transmission  Lins®,  323 
vibrators,  83 
wovcgwlitac,  333 

Ammotors  («e«  Electrical  msasiixins  inatru- 
raopioi) 

Amplifiers,  tl-c,  224 

stabilised  by  choppor,  223,  237,  228 
tfcsrmacoi^lo,  324 
Atomic  baStoriao,  03 


6 

Back  current  and  voltage,  rectifier,  4 
Boss  plats,  recb'lor,  4 
Batter  loo,  32- 04 
altitude  eife-cin,  02 
atomic  rolls,  03 
capacity  vs.  tomparaturo,  35 
charactoristico,  electrical,  89 
chemistry,  83 
classification  of  types,  63 
construction,  £8 

dimensions  and  weights  (Sabla),  88 
dry  cello,  03-93 
(sea  also  Appendix) 
duty  cycle,  CO 
energy-weight  ratio,  91 
environmental  effects,  93 
fuel-coLln,  93 
fungus  of  fee  to,  S2 
glonrary,  83 
hot  spots,  93 
I/jclrneh-J,  85 
llfu,  80,  83 
local  fiction,  87 
low-SarnporRturc?,  83 

m&gncomra -sliver  chloride,  water  acti¬ 
vated,  84 

mercury  typo,  84  *'  ; 

moliitaro  offsets,  92 
radiation  effects,  S3 
reliability,  93 
roservo  types,  83 


Batteries  (ecaL) 
solar  batteries,  §4 

■  specifications,  85 
temperature?  affects,  81 

■  tempernCura  vs.  canacEy,  85 
terminals,  87,  89 
vibration  effects,  OS 
voltage  vs,  life,  0© 

weights  and  diraenaicaa  (table),  B@ 
giuc-oilvor  chloride,  M 
Battery  -charging  loads,  83 
Blocking  layer,  rectifior,  % 

Blowers,  233-243 
air  circuit  parameters*  238 
airflow  interlock,  243 
air  volume  required,  iSS 
altitude-  effects,  246 
axial,  advantages,  34S 
centrifugal,  advantages,  244 
air  deliveries  (table),  M2 
blast  orientations,  Mb 
characteristics,  241 
control,  347 
impellers,  239 
ports,  Inlet  mid  outlet,  Si3 
control  of  air  flow,  %b% 
definitions,  233 

fan*,  nir  delivery  d»r.sctes'i&tic«  (table), 
239 

axial  flow,  237,  24© 
calcalaUo.no,  238 
centrifugal,  239 
curved  72JV3,  239 
laws,  23© 

•  multistage,  245 
radial  vane,  239 
radial  wheel,  34© 
requirements,  235 
squirrel-cage,  338 
van©  angle  control,  2-63 
vana&xial,  237 
filters,  255-257 
air  rosititanci  368 
pollution,  258 
pressure  drop,  25-6 
high-altitude  operation,  2-58 
location,  245 
maintenance,  357 
motors  (see  Motors) 
performance)  evaluation,  St.iS 
ports,  243 
fMtaf  wheel,  244 
selection  factor*,  343 
specifications,  257 


fi^cssira  |easi.{ 
eipsed  variation,  248 
eqairrei-cage,  £38 
vase  caelroS,  24? 
variabls-frsqusncy,  24# 

Brazing  pnsereao,  181 
Bridge  aalS  detea  tor,  eltoppar,  22? 
bridge  rectifier  circuits,  30 
Brus&ss,  djaamotor  81-33,  05,  7% 


€ 

Cables  (see  Transmission  Ibsen) 

Cable  noise.  SSi 
Dipacitap.ce  meters,  113 
Capacitor-load  rectifier  characteristics,  3? 
Cartridge  slack,  rectifier,  4 
Cel!,  rectifier,  4 
Chopper e,  213-230 
atSvanteSe#,  215 
aging  effects,  318 
amplifier  stabilisation,  228 
application  considerations,  21 3,  £34 
bridge  anil  detector,  227 
chars  'orisUcc  (table),  217 
chatter,  214 
contacts,  SI  5 

rating®,  ** 3  .  ^ 

d~c  drive,  io8 
drfigitlftDD,  Si 4 
deaioduiattoa,  224 
dlsadvanfisges,  215 
drive  roilaga  variation  effects,  "18 
driving  freq««ticf,  210 
oavimtimeatal  considerations,  213 
Goldberg  circuit,  239 
insulation  resistance,  318 
~mlcrophcaics,  224 
mcdulatioa,  324 
nsoantlBg,  313 
bo1o«,  215,  219-224 
cable,  333 
offset  effects,  32  i 
OficUintiosis,  £24 
pb*;w  «ngis  adjustment,  3S7 
ptinoe  angle  control,  219 
pbaoo  angle  ?sagc,  218 
selection  fecioro,  230 
servo  system  usage  338 
chock,  216 

ijlgnal  comparison,  223 
signal  transfer  applications,  2£C< 
cockct  connections,  213 
opcclficatteas,  224 
temperature  effects,  217 
Ivwpc rauire  ratings,  318 
tcffitjj,  234 

type*  available,  210 
oalslanca  detector,  r-f,  227 
rs&tatioa  effects,  219 


Circuit  breakers,  168-11© 
application  notes,  1®3 
calibrating  trip,  1C3 
magnetic  type,  IDS 
relay  trip,  10® 
reverse  current  trf^  I©§ 
aeries  cm  load  trip.,  10S 
nhunt  hip,  105 
specifications.  SO# 
temperature  effects,  11© 
thermal  clrcu.lt  typon,  10® 
time-delay  charactertetice,  107 
va.  fusee,  HD 

Coatings,  printed  wiring  boards,  i<S? 

Coaxial  lines  (-3V  Transmission  11  to  a) 
Commutators  (see  Dyunmatora) 

Components,  assembly  an  printed  wiring 
boards,  1S3,  180 

Conductor  spacing;:,  printed  circuits.  16© 
Connections,  crimped,  187 
joint  strength  (table),  2T3 
joint  strengthening  207 
photo-etched,  309 
pressure,  187 
wire -wrap,  187 

Connectors,  transmission  lino,  283-230 
Conversion  efficiency  eeteniem  rectifier,  18 
Conversion  ratio,  selenium  rr-c tiller,  lg 
Cooling,  air  volume  respiired,  225 
germanium  and  s'lloon  rectifiers,  S3  . 
selenium  rectifiere,  10 
Copper ~o xkis  rectifier  (ate  Rectifier.-’' 
Corrosion,  effect  on  conjjsoaente,  rectifiers, 
5,  23,  45 

soldering  flux,  195 
transmission  liras,  324 
vraveguidos,  3.34 

Couniereleetrodo,  rectifier,  4,  6 
Crooetalk,  transmlaolofi  Ur:.o,  271 
Current  transformers,  133 


D 

Belay  lines,  206 
Demodulation,  chopper,  334 
Derating,  current  in  capecttiv  j  toads,  37 
flexible  cables,  284 
selenium  rectifiers,  17 
transmission  llr.-eg,  270,  S?4 
Dielectric  chiirKCtsrlstics,  printed  wiring 
boards,  1G3 

Dielectric  strength,  selenium  rectifier,  2§ 
Diffused  junction  rcctlflrv,  S7 
Dip  aoldering  (oce  Soldering) 

Dry  Celia  (goo  Battarisa) 

Dynarootors,  59-74 
altitude  effects,  05,  73 
arc -over,  82 

armature-torque  characterlrtics,  01 
brushes,  SI -03,  03,  72 
vs-ear,  03  -85 


336 


\  0t  *-  -** 


SS^-IS?  !2> 


Bymsssoiswo  (egaf.f 
eSioracteristica,  alcctricai,  @3 ,  89,  71 
©olor  coding,  78 
©ozametetora  01-g^ 

poisoo,  84 

priated  cireuis,  STS  ■ 

mwlacG  fil 53,  S3  '  ' 

eoroaa  pjnotolesas,,  6§ 

(Soty  cycle,  6? 
efficiency  §1,  71 
enclosures,  71 
onvircanssntnl  effscto,  7S 
field  types,  @9 
fflacfcovei?,  65 
feast  disaJpatioft,  ®7 
SKbrJcatioa,  63 

saocharsieai  pro-parties  (table),  Qfi 

miniaturised,  7 S 

SEOimtisg,  66 

eotnonclntore,  6® 

output  voltage  variation  \  50 

ratings,  70 

regulation,  60,  71 

r-i  no  ice,  Go 

ripSc  voltage,  SO,  71 

ep£ClfiCKU0K3,  67-70 

epced-iosd  characteristics,  @0 

epoed -tor-pa  characteristics,  @1 

toitioeraiurc  effects,  72 

temperature  ?is-3,  37 

thermal  properties  (table),  3S 

g 

Electrical  rBoaouxing  instruments,  113-150 
a-c,  ISO 

acceosorlou,  ISO-134 

r.ccurecy,  lid 

applications,  1'ffi 

bearings,  lit 

capacitance  maters,  116 

cases,  133 

color  code,  135 

damp  big,  114 

damping  factor,  115 

dual-coil,  123 

olcctrodynamom-cter,  122 

en vl  i  enmoaial  effects","  ilf'  - 1 43 

frequency  compensation,  121 

frequency  effect,  121 

frequency  errors;,  125 

frequency  Indicators,  127 

frequency-responsive  networks,  134 

function  indicators,  128 

Internal  resistance,  ISO 

iron-vans,  ISO 

Iosfg- scale,  116 

magnetised- vamp  type,  12$ 

mechanism  lyp  ' 110 

TOllUvo-ltrueiorfi,  117 

mo-acting,  145 


Electrical  measuring  instruments  (emit.) 
ohmmetera,  118 
overloading,  14® 

PMMC,  11® 
pointers,  142 
positioa  indicators,  USS 
preferred  ranges  (table),  13® 
ratio  indicators,  123 
rectifier-type,  123 
ranges  preferred  (table),  lit 
resistor  bulb,  133 
response  time,  116 
rotation  speed,  133 
ruggedtaed,  118 
scales,  125,  140-143 
selection  criteria,  130,  14® 
aerieo  resistors,  130 
shielding,  144 

shock  and  vibration  eifecta,  147 
shunts,  128 
eizes,  140 

specifications,  115,  134-133 
spaed  of  indication,  114 
temperature  effects,  114,  122,  125 
temperature  measurements,  123 
terminals,  1 46 
thermal  wattmeter,  123 
thermoaranjetfirs,  122 
vibration  effects,  147 
VU  meter,  129 
waveform  erroro.  123 
windows,  129 
sero -center,  136 
aero  corrector,  145 
Electrodynamorsetsr,  122 
Electrolysis,  soldar,  105 
Encapsulation,  rectifier,  11 

dronmental  effects  on  components,  bst 
tcrics,  02 

>es  also  Altitude,  Temperature,  etc.) 
choppers,  313 
dynaraotors,  'ft 

electrical  measuring  tasbnu&fmts,  146-148 
rectifiers,  43 
eoldar,  129 

transistorised  power  supplies,  76 
tran-enur ’Ion  lines,  321-225 
Etc  had  wiring,  153-155 


F 

Failure  causes,  semiconductor  rectifiers,  S3 
Fans  (sea  Blowers) 

Fillet  height  vs.  tensile  strength,  307 
Filter,  blowc'  (sec  Blowers) 
single-phase  rectifier,  43 
Fluxes  (sec  Solder) 

Forward  current,  rectifier,  -3 
Forward  direction,  rectifier,  3 
Frequency  indicators,  127 
Frequency  meters,  c rossed-coll,  137 
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Fits!  coHd  (testtssries),  ©8 
SWotica  IciMsators,  138 
EungicMo  fetishes  for  rectifier*,  4T 
Fungus  effects  oa  component*,  batterte®,  68 
dSynassEufsis-s,  TS 
rectLterOj,  4$ 
colder,  23© 

Fuses,  ©7-11© 
a-c  circuit  cparstica,  ©S 
aircraft  type  (limiters),  100 
blowing  tessa  (table),  69 
cfearcctatristics,  08 
d-c  ctamit  opera  tiea,  97 
bolder  a,  ICO- 104 
iadientteg  types,  1C2 
limiters  (aircraft  fusee),  ICO 
E'."jata,  100-104 
RormaWag,  S3 
quicte-seHiEj,  6©  - 
rattego  cartridge  type  (trifle),  09 
reotetasjKS,  qaietk-acting,  lnri 
oiiiao  end  ratings,  cartridge  type  {isfcicl,  SO 
opscificntieas,  100-102 
aircraft  typsa  (table),  106 
time -delay,  09 
time-to-blcw,  27-103 
types,  S3 

v  lbrotios-rsaijsSsiit,  ICO 

G 

GC  A  pao'er  re-gairenjent*,  8 
Germanium  (css  Rectifiers,  gcraonlsss) 
Goldberg  clapper,  IS 5 
Grown  junction  rectifier,  27 

H 

Hand-lrca  roldoriug,  184 
Beat  dissipation  (era  Plowore,  coollisg) 
air  tiou  required  for  cooling,  235 
dynamo-tors,  3? 
rectifiers,  18,  35 
Beat  excbstigar  systems,  24-3 
Humidity  effect*,  solder,  SCO 

ir  awjiobariscd  power  supplies,  77 
transmission  lluos,  323 

1 

Impedance,  surface  transfer,  294 
Inductive  toad  characteristics,  33 
Inductive  idetos,  d-c  circuity  33 
Inductor,  spiral,  design,  162 
Instruments  (see  Electrical  ruoaeurHjg  te- 
c  •■  nuaents) 

Instrument  transformers,  130 
Interference,  dynamotc  r,  86 
(see  alto  Noise) 
vibrator,  5.2 


■J 

Junction  rectifies,  iseat  relattet^  33 


l 

Laminates  (see  Printed  wisrtejj  fcacfb) 
Leakage  current,  rectifier,  4 
Life  expectance,  germanium  esi  cSIsoa  ree- 
tifiors,  .13 

eelemura  ?eetif!ara,  14,  IS,  M 
vibrators,  82 

Life  tests,  selenium  rectifies-.,  23 
Low-aoi**  cables,  29$ 


M 

Measurement*  (see  KSeetrte&l  Esesresrio®  ia- 
strunientc) 

Meter*  (ueo  Electrical  a scssrsrtstg  fogtra- 
trsente) 

Micrcptsonics,  chopper,  22-8 
MiilivoUru’Jtei's  (see  RecfcrfesS  nasaearing  io- 
stniTnenta) 

Miniaturisation,  printed  wlriag  ITS 

Sic-dulatlon,  chopper,  284 
Moisture,  effect  on  eompoarnta.  iSstteria*,  82 
p  tin  ted  wiring  boards,  161 
Moisture  resistance  requlresca^  e*leafezae 
ractifser,  23 

Motors,  a-c,  polyp.-isse,  2S3 
singlo-pbsee,  242 
bearing  lubricntiosj,  287 
bloveer,  248-255 
capacitor,  %l-D 
d-c,  213 

duel -purpose,  355 
enclosure*,  204 
tabulation,  253 
mounting,  255 

!K>lS0,  S54 

shadod-pola,  ?.<£> 
pha.ft  speed  limitations,  SSI 
speed  characterisl.cc,  258 
split-phase  Induction,  -’49 
synchronous,  251 
temperature  ratings,  £51 
tempotaturn  rise,  253 
torque,  254 
universal,  251 
wiring  connection.*,  like  SOS 


n 

Noise,  blower  motor,  354 
dielectric,  22S 
pulse  cable,  284 
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Ciimsaaters,  HO 
Oscillation.?,,  citoppar,  22# 


? 

Paak  iave'ree  rating,  rectiSsr,  4 
Plated  wiring,  154 
Position  indicators,  123 
Potential  transiormars,  131 
Power,  applications,  d-c,  4 
Power -conversion  ayatomo  (teble),  68 
Power  requirements,  GCA,  5 
Power  sources,  3-04 
Power  stack,  rectifier,  4 
Preacme,  effects  an  corspcaeats  (sec  Alti¬ 
tude) 

Primary  baiterlos  (see  8 aitertea) 

Printed  wiring  boards,  153 -IT? 
capacltoro,  102 
ceramic-based,  '  j3 
component  mounting,  too,  SSfi,  S66 
conductivity  v?,  temperature  rise,  15? 
conductors,  characteristic^,,  156 
copper  foil,  139 
peeling,  155 
repair,  176 

spaclnge,  ♦.*<? 

current  carrying  capacity,  15S 
defects,  174 

definition  and  registry,  137 
dielectric  properties,  162 
delsmiuhtion  problem#,  15.1 
strengths  (table),  157 
design  requirement*,  187 
etched  spiral  inductance#,  163 
fabrication,  mechanical,  171-173 
inductor  design,  1(12 
insulation  resistance,  181 
laminates,  153 
layout  procedure,  153 
master  drafting,  170 
miniaturisation,  P'S 
moisture  effects,  lC.t 
moisture -proofing,  18.1 
peel  l.rcngth,  impairment  try  lioldertag.  173 
plating  chemicals,  174 
registry,  187 
reliability,  174 
repair  techniques,  173 
Oliver  inigrai  nv,  175 

soldering  considerations,  165,  175  ,  201-210 
solvents,  deleterious,  174 
specifications,  i 5(3,  I”S 
subniliilature  tube  mour'btpi,  175 
temperature  rioo  vs.  coe.  u-'iivity,  is? 
terminal  dimeny.ous,  135 
th  -mal  endurance  (tabic),  JSV 
tolerances  (tabic),  iVS 
Pulse  cables  (nee  Tr«>  >smia*k»  31  ;s) 


Radiation,  effects  oa  ownpooestK,  batteries, 
83 

rectifiers,  45  •  — 

traacaiissioa  lines  aad  waveguide*,  326 
Rating,  voltage,  rectifier,  4- 
Ratio  icdicatoro,  12§ 

Rectifiers^  3-48 
air  cooling,  12 
alloy  junction,  28 
altitude  effects,  46 
application  consideration*,  34-44 
back  current  and  voltage,  4 
base  plate,  4 
blocking  layer,  $ 
bridge,  39 

circuits,  characteristics  (tatted,  35,  43 
single -phase,  33 
capacitive  load,  S¥ 
battery  load,  38 
ccarercion  sfflclsncy,  10 
cooling,  13 

copper -oxide,  volt-ampere  characteristics, 
25,  134 
corronlcffi,  45 
counter  cite  trod.®,  4,  @ 
definition:’,  3 
diffused  Junction,  27 
efficiency,  4 
encapsulation,  11 
©nvlrcnaioatal  effect*,  45 
failure  canoes,  S3 
niters  for  sliyr'e-plus#,  42 
full-ware,  39 

garmautan,  and  silicaa,  characteristics,  6, 
31 

coastal,  28 

corves  ion  resietaccs,  B 
cooilng,  I*,  18,  32 
efflcitsjcy,  3 
failure  esuoes,  33 
fault  protection,  33 
forward  drop  v#.  temperature,  S3 
indue  tbra  load  effects,  S0 
junctlc.a  types,  23 
-  life,  33 
1H»  tests,  3.3 
parallel  operation,  S3 
peak  inverse  voltage,  29 
rcUr.bll.Uy  va»  temperature,  23 
reveros  ro5latan.ee,  5 
series  operation,  32 

OlEO,  fl 

specification*,  3S 

sitr^a  currents  porraimlble,  Id 

atabillty,  3 

temperature  effect#,  J£ 
temperature  range,  5 
thermal  runaway,  2-3 
thermal  stability,  3V 
grown  jiiacboo,  27 


w. 


Reetiftora  (cant) 

half-wave,  38 

inductive  load  effects,  30,  30 

leakage  current,  4 

load  considerations,  33-S& 

magnesium  co-ppsr  sulfide,  characteristica; 

25 

multi  -phase,  .42 
operating  charactoriotics,  13 
output  V8o  circuit  type,  18 
packaging,  2? 
peak  voltages.  44 

polarity  with  electrolytic  capacitors,  44 
radiation  effects,  48 
ratings,  34 
resistive  V  ^ls,  38 
reverse  t  orrent,  4,  5(2 
reverse  rating,  44 
oand  and  dust  effects,  48 
selenium,  aging  characteristics,  45 
air  cooling,  1§ 
applications,  7 
b?se  plate,  7 
brackets,  10,  43 
capacitance,  electrostatic,  7,  10 
coll  construction,  7 
characteristics,  6,  14,  40 
circuit  features,  38-43 
co.-, tacts  and  washers,  9 
cooling,  15,  18 
converoion  efficiency,  19 
corrosion,  23 
current  density,  13,  13 
current  vs,  area,  15 
derating  at  high  temperature,  17 
dielectric:  strength,  12 
diffused  junction,  27 

efficiency,  selenium  vs.  m-otor-geeerstor, 
19 

flaw  detection,  43 
high -density  cells,  IS 
high-temperatwre  op-oration,  15,  2J 
life  expectancy,  14,  10 
life  performance!  requirements,  24 
life  testa,  23 

low-tcmporature  operation,  23 
minimum  spacing,  convection  cooled,  18 
moisture  renl-danco  requirements,  23 
overload  capacity,  16 
paints,  45 
regulation,  -19 

reverse  leakage  current,  16 
shelf  life,  45 
specifications;.  21-24 
stacks,  8,  40 
standard  voltages,  13 
temperature  effects,  14 
temperature  rieo,  13 
temperature  riec  vs.  load,  1? 
tests,  11,  20 

voltage  drop  vs.  load,  id 
voltage  drop  vs,  operating  time,  17 


Rectifiers  (eoaL) 

volts'^  overload  elfaci  g  if 
wanhars  aad  coatacir,  6 
ahelf  Ilfs,  45 

single-phase  filter’s,  4$  ' 

single -phase,  full. -waTC,  characteristic*,  Sfl 

cyncbuirioc.’j  vibrator,  <19 

tubes ,  vs,  semiconductor,  <5 

type  comparison,  6,  7 

voltage  multipliers,  39-42 

voltage  quadruplet,  48 

voltage  rating,  4 

Rectifier-tope  measuring  laoirumeat*,  133 
Regulation,  dynamotor,  60,  71 
selenium  rectifier,  19 
transistorised  power  sv-ppllaa,  74,  78,  80 
vibrator®,  53 
Reliability,  batteries,  93 
germanium  and  silicon  rectiliera,  33 
Reverse  direction,  rectifior,  4 
Reverse-current  rectifier  tests,  SO 
Reverse  voltsgen  in  capacitor  load  circtilhf, 
37 

R-f  treassateeion  lines  (sse  TransraissfeJS 

Usi-.es) 


Sand  and  dost  effect.)  oa  cojupononts,  r-ccil" 
fters,  48 

Selenium  rectifier  (nee  Rectifiers) 

Shock,  effects  on  componsain,  choppers,  21- 
electrical  measuring  ins  tnun  cute,  14? 
transistorized  power  supplle-B,  78 
Silicon  rectifiers  (sec  RecWtora) 

Silver  migration,  175 
Silver  cold* ring,.  181 
Sockets,  vibrator,  S0 
Solar  batteries,  S4 
bolder  and  soldo  ring,  101-316 
aging,  159 

alloy,  additives  and  Imparities,  187 
composition  va,  usage  (trite),  1&3 
contests),  182 
impurities,  1 37 
low-melting  point,  183 
melting  rar^e  vft.  compo.aittoo  (lab-le ),  W3 
molting  temper  a  tores,  103 
aluminum,  100 

ch-’-ilral  characteristics,  194 
compositions,  183,  192,  30 1 
corrosion  from  flux,  155 
creep,  185,  205 
dip,  104,  201-210 
double-dip,  SC9 
electrolysis,  155 
environmental  effects  I8i 
cuctcctlc  point,  183 
fluxes,  sc  id,  184, 
application,  ISO,  197 
chloride,  1S4 


Solder  and  Soldering  (coat4' 
organic,  193 
printed-circuit,  166,  18S 
purpose,  164 
removal,  191 

rosin,  181,  185,  191-183, lfS 
spocial-purpooa,  lfiS 
techniques,  ISO 
types,  191-1B4 
galvanised  iron,  137 
glass-to-metal,  188 
gun,  184 
hand-imt,  184 
heat  requiremenfa,  1ST 
impact  strength,  204 
induction  soldering,  109 
iron,  tip  materials,  196 
techniques,  197 
joints,  acceptable,  188 
failure  causes..  203 
formation,  18. 5 
strengthening,  SOS,  203 
testing,  202 
nickel,  187 

physical  characteristics,  194 

printed  circuits  (see  Printed  wiring  boards) 

resistance  soldering,  185- 

o hopes,  IDS 

shear  strength,  19-5 

ailver,  136 

molting  point  (table),  180 
colds  rabli  tty,  metals  (table),  S75 
specification?),  138-120 
stainless  steel,  188 
surface  preparation.  190 
sweating,  185 

techniques,  181,  194-187,  189-19:  193,201, 
310 

tensile  strength,  300,  301,  304 
tin  content,  184 
thermal  conductivity,  195 
tinning,  180 
Unless,  183 
r.itvc,  187 

Spcctilcatlong,  batteries,  So 
blowers,  257 
chopper,  324 
circuit  breakers,  108 
dyna motor  87-70 

electrical  measuring  tnetruments,  134-132 

fuses,  103-104 

printed  circuits,  156,  l  id 

polonium  rectifier,  31-24 

colder,  183-180 

transistorized  power  supplies,  7S 
transmission  lines,  281,  283 
vibrators,  53 
waveguide,  321 

waveguides  and  fittings  (tabla),  323 
Stack,  rectifier,  4,  6 
Standing  waves,  transmission  tine,  265 


Slrsitcft  desist,  printed,  ITS 
Eteiteb,  velecity -operated,  247 


¥ 

Tadscssstcs-®,  133 

,7Psas^erabsr®  effects  on  component*,  batter¬ 
ies,  SI  ■ 

capacity,  85 
efeoggera,  217 
eiretdt  breakers,  118 
dysarcotors,  72 

electrical  c..  sauring  Instruments,  114,  iS2e 
ISfi 

motors,  blowor,  251  . 
printed  wising  boards,  157 
rectifiers,  43 

germanium  and  sill  con,,  37-29 
S3!S5lii32,  14 
solder,  ICS,  200 

tr..  '  etorliisd  power  oupplies,  77 
fcraumiosfcm  linos,  331 
tr.nsguidas,  3.11 

Temper  a  ture  measurement,  123 
Yemperaters  rise,  selenium  reefcilior,  16,  1$ 
Terrains!  diEiengkmg,  automated  components, 
iflB 

TTsensal  vraffesetor,  133 
Ti>.?rn;oamH>:lars,  133 
Ib-ertBOCGcilss,  :  7 
Three-phase  rectifiers,  42 
Tisosms!  mavray,  semiconductor  rectifier, 
38 

Tlmiag  espaci.ta.nc©,  vibrator,  54 
Transistorised  power  supplies,  74-83 
Cb.::..-.SCtari3tiC3,  74 
eff’-elcncy,  74 
onvirocwawtal  elf -seta,  7® 
roalntsnanco,  -31 
oparatir^  frequency,  74 
power  bundling  cspabiliiisa,  75  - 
rogaSatiea,  74,  73,  SO 
eelf-atartirg  circuit*,  73 
shock  ies^sJr*mer*n,  70 
epecifte.-aitosiji,  78 
th.ro  sy  of  operation,  77 
Tran sm Is  ids®  11  ass,  '  300 

(sea  aloo  Wsvcguklsa) 
atrspaced,  273 
Aljsk,  276,  .789 
alti testis  effect-*?,  323 

attenuation,  204,  267,  17(5,  287,  293,  307 
balanced  csb'.ss,  290 
barairridih.  £65 
bvosd-band,  3 IS 
cable,  balanced,  2T 0 
characteristics  (Uhls),  S92 
delay,  3SS 
flevtola,  231 
sttcauation,  287 
capacitance,  287 


368 
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TraaansliJOioa  lines  (cacti 
center  conductors  28S 
coysilngs,  28S 
derating,  temperate?*,  S&b 
dielectric,  282 
jacket  materials,  282 
outer  conductor,  282 
pc.  cr  ratings,  2*53,  2S3,  289 
specifications,  2S1 
voltage  ratings,  £38 
Helical  membrane,  SiS,  SSfl 
high -attenuation,  2§@ 
low-capacitance,  389 
low-rolso,  209 

size  and  construction  (fcafcla),  2'6i 
specLJ  purpose,  293-30© 

Teflon,  derating,  21 V' 
trfinnsaisplon  unbalance,  290 
compensation,  893 
ro&xial,  230-290 
attenuation,  2C  273 
center  conductor  tessporaturo  rise,  39$ 
constants,  300 
corona,  388 
dimemions,  286 
dual,  2$Q 

froquoncy  range,  2S9 
5n)j wrbnrp,  surface  transfer,  211 
mechanical  strength,  S23 
optimum  diameters  (table),  207 
reflection  loss-  due  to  shielding,  271 
rigid  types,  272-277 
attenuation  vs,  frequency,  37C 
bead  constructions,  374 
broadband  types  (tshJs),  273 
characteristics  (ixbtes),  272,  373,  374 
conductor  support,  £73 
construction,  273 
expansion  and  ccntrsction.,  277 
lev -frequency,  273 
power  ratings,  375,  377 
pressurized  lines-.,  £73 
standard  dlraenflse®*,  ITS 
stub-oupported  microware,  273 
shielding,  271 
composite  systems,  329 
connectors,  288-280 
pulse  cable,  236 
corrosion  effects,  324 
coupling (j,  278 
broadband,  203 
crosstalk,  37.1 
delay  lines,  298 

characteristics  (table),  JQf 
derating,  power,  370 
dimensions,  265 
dual  cables,  290 
efficiency,  280 

inn ronincriial  factors,  J21-S25 
Foc.mil, '.r,  315,  280 
frequency  range  of  uses,  SSi 
half -wave.  properties,  bSii 


Tjranemiasioo  lines  (eoesL) 

,  Hellas,  27S 
high -a.  miration,  29$ 
impedance,  283,  280 
surfaca  transfer,  £71 
mechanics!  strength,  324 
open-circuit  oropertio*  285 
parametero,  202-^4 
phase-!  conaiarst,  203 

,  power  ratings,  268,  275,  277,  2r  ‘  ,3,  £#§ 
pressure  effects,  276,  32-3 
pressurized,  27® 

-  propagation  constant,  282 
properties,  284 
pulse  cables,  292-298 
attenuation,  293,  2S*7 
characteristics  (tabis),  2S5 
connectors,  293 

power  handling  capacity,  293-293 
power  ratings,  2£<j 
ah  1  elding,  294 
voltage  ratings,  292 
Pyrotenas,  278,  380 
quarter-wave,  properti-se,  22S 
radiation  effects,  323 
r-f,  characteristics  (tebl-a),  285 
hsmlfloxlble,  277-233 
churucierlstica  (table-)  280 
col  Id  dielectric,  270 
opoclficatlo-as,  281,  2i?3 
gpirafii,  2T8 
standards,  26 S 
standing  wares,  285 
Styrotlez,  £78.  380 
transmission  unbalance,  290 
twin  lead,  fJO  , 

velocity,  7.5? 

voltage  rating,  338,  283,  3*33 
vs,  wwvu-.-ulde  comparison,  292,  527 
VSWR,  definition,  i»5 
Twin  load.  3$f} 


V 

Vibration  effects  on  components,  batteries,  93 
choppers,  *19 

electrical  measuring!  Instruments,  H7 
selenium  .recti tiers,  23 
solder,  209 

transls -o.riz.e-b  power  supplies;,  77 
Vibrators,  47-59 
adva-nisge*,  dUadrsetsges,  53 
aging,  55 

basing  diagrams,  35 
contact  frocpotBcy,  54 
current  ratify,  56 
dielectric  streegth  texts,  §8 
dr  1  vine  circuits,  59 
dual  Interrupter,  49 
environmental  requirements,  6S 
frequencies,  56 


Vibrators  (coat.) 
input  voltages,  S§ 
interference,,  5,8 
life,  51,  55 
mounting  methods,  §1 
operating  parameter! 
power  capabilities,  51 
power -to-weight  ratio,  53 
ratings,  commercial  unite,  5? 
rectifiers,  46 
seals,  requirements,  5S 
selection  factors,  55 
single-interrupter,  4S 
sockets  and  enclosures,  58 
specifications,  58 
sp’.'.t-reed,  40 
synchronous  rectifier,  40 
temperature  range,  5@ 
timing  capacitance,  54 
voltage  regulation,  53 
Voltage  doubler,  38 
Voltage  drop,  forward,  4,  22 
tec'  20 

Voltage  multipliers,  38-42  •> 

Voltmeters  (see  Electrical  ms,,  uring  ihetra- 
ments) 

Voltolunmeter,  chopper,  22? 

VU  meter,  129 


w 

Waveguides,  300-329 
aeronautical  radio  type,  314 
altitude  effects,  323 
attenuation,  303,  308 
mUlinetm  region,  312 
bancuvidth,  303,  312 
bellows,  317 
broad-band,  313 
choke  couplings,  320 
circular,  303,  388-312 
cuteif  wavelength,  304 


Waveguides  (east) 

dimensions  (table).  311 
frequency  raRje  (table).  SIS 
modes,  31® 

power  handling  capacity,  318 
tolerances  (table),  311 
corrosion,  324 
couplings,  319-321 
environmental  factors,  322-329 
flanges,  314,  318 
preferred  types  (table),  322! 
flexible,  315-31$ 
characteristics,  31? 
eo.,stnsctlon8,  317 
convolute,  properties  (table),  SIS 
mechanical  properties  (table),  Si© 
frequency  range,  261,  301 
humidity  effect's,  323 
loijv.fUnce,  304 

metals,  characteristics  (tab!*',  .184 
modes,  300,  302,  318 
nuclear  radiation  effects,  326 
power  handling  capacity,  304 
pressure  effects,  3&i 
rectangular,  303-309 
attenuation,  3SB 
baivd  width,  393 
dimensions  (table),  307 
electrical  properties  (table),  33® 
frequency  range  (table),  30? 
metals  employed,  383 
millimeter  types  (table),  303 
.  parameter «  va,  dimensions,  81$ 
special  2.8:1  type,  310 
tolerances  (table),  307 
ridged  guides,  303,  312-313 
attei»‘"Jtion,  314,  318 
broaa-band,  313 
power  handling  capacity,  310 
specifications,  321,  333 
standards,  262 

vs.  transmission  lines,  288.  31 T 
Wire  strength  (table),  308 


